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HYPERALGESIA OF THE SKIN OVERLYING ACTIVE 
LESIONS IN PULMONARY TUBERCULOSIS 


WILLIAM CHARLES WHITE, M.D 


AND 


KARL H. VAN NORMAN, M.B Tor 


PITTSBU Re PA 


In 1887 C. L. Dana,’ in America, and in 1888 James Ross? in Eng 


which six vears later Henry Head* made particularly valuable as an a 


o the localization of visceral diseass Heae vith others had n 
cutaneous tenderness accompanying certain seases of the stoma 
often confined to definite areas of the skin. He then undertook the st 
of involved areas in a number of cases « erpes ste! ing t 
ght on the localization of skin tenderness in viscera sease, "| . 

mortem st s of these cases were ¢ ed on at time rete oreat ¢ 
cult ut when fina e correlation © work Was accomplishe 
found that the areas involve n zoster corresponde » those of skin ter 
ce rness in visceral disease Ls and that these areas repres« nted the 1 ‘ - 
tribution of spinal cord segments 

The areas which he utiined tor t s segmental dist! on of ney 
and which are now so familiar as Head’s diagrams in the present-da 
text-books differ from t ireas iter cles " ) Sherrington’ in 1 
absence of overlapping, but the Sherrington areas represented those su 
plied by nerve roots while, as mentioned above, Head’s areas represented 
the skin supplied by segments of the spinal cord. Head’s areas also ha 
reterence t the sensations of pain, heat and cold rather than tour I) 
ther words, Head showed that while there n alt e overlapping of ne 
areas In the matter of touch sensation, there was no overlapping of skin 
nerve supp! n the conducting of pain eat and ¢ i sensations 

Head concluded from these studies that there was a close central see 
mental association between the neurons supplying the scera al t 
neurons conducting the sensations of pain, he md « fron e skit 
In explanation of the phenomenon of skin tenderness in visceral disease. 
he suggested that the sensations from the skin on reaching the cord e) 

l. Dana, C. L New York Med. Jour., 1887, xlvi, 121 

2. Ross, James Brain, London, 1888, x, 333 

3. Head, Henry: Brain, London, 1893, xvi, 1 IS94, xvii, 339: 1896. xi 153 

4. Sherrington Philo. Tr.. London, B.. 1898, exe, 45 











2 HYPERALGESIA OF SKIN IN PULMONARY TUBERCULOSIS 
countered a condition of increased sensitiveness caused by the impres- 
sions arising from the diseased organ, and that this hypersensitive condi- 
tion stimulated the transmission to the brain of an exaggerated impres- 
sion of the sensation coming from the skin. 


For the past year we have been interested in various complaints of 


pain and discomfort in the chest in patients who have been under our 


A 


care in the hospital from time to time. These “pains” and hypersensitive 


yeen used by us as confirmatory evidence of 


conditions have frequently 


underlying pulmonary disease. At times it has been noticed that, for 


nstance, the scraping of a cloth by accident across the nipple on on 
side has given rise to the sensation of pain; that occasionally a patient in 


scratching his skin has noticed an increased sensitiveness amounting at 
to pain on one or the other side; or, again, that pressure over areas 
hat from physical examination appeared to be actively diseased pro- 
duced sensations of pain. 

These facts stimulated us later to take up a more careful study of 
gesia in its relation to underlying pulmonary tuberculosis, 
and we found it confirmatory beyond our expectation of the evidence 


, 
m 


y other methods of physical examination. 

The tests were made with pin, test-tube of hot water and test-tube of 
cold water. In the tabulated cases von Pirquet’s scarifier was used in 
stead of an ordinary pin, because, the scarifier being longer than a pin, 
more even pressure could be exerted in drawing it across the skin: an 


also, as the searifier was always of the same sharpness, the results to pain 


sense were more reliable. In the heat and cold tests ordinary test-tubes 
were filled with hot and cold water. corked and then used. 


In order to eliminate the possib litv of the nervousness of the patient 


en made on the back first, the patient thus being un- 
aware of the method and significance of the test. Also, in order to do 
away wit e influence of the personal equation of the examiner, in other 
cases hyperalgesia was tested for the first step in the examination of the 


chest: i. e., before percussion, etc. 


The table represents the results in 41 cases studied ver 


every particular. Besides these we have verified the value of the test in 
105 other Ses 
In Case 37 both lungs are involved, but only the left is now active. 


While both lungs were active, hyperalgesia was present on both sides; 
yut the disease is now arrested in the right lung and hyperalg 


esia is ab 
sent on the right side, but marked on the left side. 
In Case 10 both lungs are involved, but the greatest involvement is 


n the right lung, whereas hyperalgesia is present on the left side. But 
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in the right lung there is cavity formation in the upper lobe, and doubt- 
‘ 


less there is a certain amount of fibrosis in the upper part of the lung 


oe ee 


Hence there is really more activity in the left lung, over which hyper 
algesia is present. 
In Case 13 an acute pl uris} developed on two different occasions 


while we were studying hyperalgesia. On both occasions a series of tests 


Aion fb Pn ih 





® failed to show any hyperalgesia over the seat of the pleurisy. 
; In three cases which have been under our observation since we have 
; been wnaking a close study of this phenomenon, we found marked hyper- 
s algesia present over the lesion while active. As the lesion became les 
: active hyperalgesia diminished, and fina with the arrest of the diseas 
' ' 
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Fig. | Schematik representation of the ccurse of the sympatheti fibers aris 
ing from the thoracic region of the cord, illustrating connection between the sy1 
pathetic ganglia and the corresponding spinal root ganglia (From Howell’s 
“Text-Book of Physiology.” The preganglionic fiber is represented as a dotted 
line, the postganglionic as a heavy line The arrows indicate the normal dire: 
{ tion of the nerve impulses or nerve conductions. S.C. indicates the superior cervical 
ganglion; I. C., the inferior cervical ganglion; T., the first thoracic ganglion 


ea 


rhe numerals indicate the corresponding spinal] nerves. It will be noticed that 
the thoracic sympathetic system which joins with the vagus to supply the lungs 


gives off branches from its uppel vanglia to the S} inal root ganglia which supply 


the skin over the thorax 


Probably the most striking phenomenon of t 


hyperalgesia itself, was the localization of the 





directly overlving the active lesion in the lung. 


ier observers with this method of studving disease of t 


findings of ot 
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abdominal organs in which the hyperalgesia is confined to the skin over 


the lesion in these organs. In both instances the conclusion from the 
results is that the distribution of the hyperalgesia has no definite relation 
to the spinal nerve distribution, but rather to some existing central cor- 
relation between the nerve supply of the organ and the nerve supply of 
the skin overlying that organ. In other words, the results correspond to 


ind confirm what Head describes as segmental distribution. 
So far as anatomic study has led us, there is no evidence that an 


yranches of the posterior roots of the sp nal nerves enter the nerve sup- 


Dp » the ngs | Ss ltseli [ t vould preclude a poss ity of the 
stribution o e hyperalgesia corresponding to the spinal nerve dis 
I on. Of course, the eralgesia ‘esponded to the spinal nerve 

_ } 
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. . t ere 1s a cehnit n sting betwee! e sympa- 

mye Ww supplies the interna gans and the spinal root 

ganglia ntaining the cells which sen ocesses to the skin the con- 
} 1 t ; +1 4 f " . . 

; ns sensations Irom this tissue. So lar as we know, s is the 

+ + + 7 | 
:; I oe it ist the oni\ Kely connection, as any 
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other connection must be a central one from high up in the nervous sys- 
tem at the center of origin of the vagus nerve which forms the ot 
definite nerve supply of the internal organs. 
‘ This nerve supply does not, of course, refer to the pleura, which has a 
definite supply to its parietal portion from the intercostal nerves. Bu 
we have convinced ourselves from a limited number of cases that tl 


hyperalgesia has no relation to pleural lesions, as, for instance, in Cas 


13, in which there is no hyperalgesia over an acute pleural 


nvolvement. 


The only explanation of the phenomenon of skin hyperalgesia fol- 
4 ] 


1 lowing lesions of the internal organs which we have to offer is that pr 


sented by Head. It will be readily understood by reference to the dia- 


} 


grams (Figs. 2 and 3). Evidently the disturbance is a cell condition 


} 
} } 


from the fact that the hyperalgesia is so closely limited to the skin ov 


lying the diseased area beneath. Probably the area of disease provides 
an irritation to the fibers of the sympathetic supplving that area which 
in turn transmits impulses through those branches w connect 1 


sympathetic system with the spina 


: which send processes to the skin ove rlvying the lesiox hes mpulses 
probably increase the sensitiveness of these cells to s 1 degree that 
impressions coming to them from the skin are increased in severity a! 
are thus transmitted to the brain as exaggerated sensations 
l } _— 7 . 
lhe hyperalgesia of skin differs marke rom the sensatior 
r soreness on deep pressure w s been emphasiz vv K. Fran 


and which has been noticed and used b rse s frequently as an 





to diagnosis in underlying active tuberculous lesions. One feels that 3 
sensation of soreness on deep pressure has a different origin from 
algesia, and is probably due to an extension of the inflammatorv chang 
surrounding a tuberculous lesion to the ple 1 and overlving mus 
CONE sit) ~ 
1. Hyperalgesia of the skin to pain, heat an sensations is 
; ent over active tuberculous involvement of the lungs. 
} 2. It has a very definite distribution, responding v ~ 
limits of active involvement in the lungs. 
3. With the arrest of activity hyperalgesia disappears 
1. Hvyperalgesia depends on involvement of the lung and 1 


pleura. 


We desire to express our thanks to Dr. Alfred K. Havwe for his 


» Francke, K Beitr I Dube 108 
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is meant in this article men who were born and always 
ived i ome one of the following states Marviand, Virginia, West Vir 


inia, North Carolina, South Carolina, Georgia, Florida, Alabama, Mississippi, 


Kentucky, Tennessee Arkansas and Missouri 
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14 UNCINARIASIS AMONG SOUTHERN RECRUITS 


cent. infected. Mv own work in this direction was brought to an unex- 


nected conclusion because of the sudden cessation of recruiting in New 


Orleans made necessary bv reason of the fact that the army had nearly 


I 


reached 1ts author ed strength. 


Strong reports? that in an investigation of 4,106 Filipino prisoners 


52 ner cent. were found to be infected with uncinaria. If this can be 


taken as an index for the general population of the Philippines, it ap- 


l 


nears that the proportion of infections among the Filipinos, living in 


their insanitary manner, is not as high as that of southern-bred recruits 


who prob: ire ess ely to be infected than the mass of the rural 


CLINICAL SIGNS OF LIGHT INFECTIONS 


First of all. it must be clearly understood that none of these infected 
re sick. Many never had been on sick report, 
and, of those who had, only one presented symptoms which, in the light 
of positive uncinaria findings, could be attributed to the parasites. This 
patient hi en in hospital several times with slight fever, indefinit 
intestinal svmptoms and fleeting pains in chest and abdomen. He was 
unable to do any heavy work without soon becoming used up. Hemo- 
globin was 80 per cent. Seventy-seven worms were obtained after he was 
treated. With this exception, the cases I am reporting belong to the class 
of which Stiles says: “Under light infections may be included those pa- 


ut who 


ents who show eggs in the feces on microscopic examination, 
do not exhibit any or sufficiently marked symptoms to attract special 
attention. ‘These cases are numerous and important, as they are capable 
of keeping a region infected and thus giving rise to severe cases. Henci 
om a prophylactic standpoint they should always be treated when 
found.” That these cases can not be detected by mere inspection is evi- 
denced by the words of Stiles, that “if these light cases were submitted 
o physical examination for enlistment in the army or navy, probably 


nost of them would be accepted as sound.” 


As w e seen in the appended tables, I have classed the color of th 
men examined as “excellent,” “good,” “fair” or “pale.” By “excellent 
s meant t fresh, ruddy complexion so common among healthv northern 
nen. It w be observed that verv few of the southern men possessed this 
“excellent” color Many are recorded as fair and a few as pale, but there 

». Strong (R. P Combating tropical diseases in the Philippines by scien 


til methods Jour An Med Assn 1909, lii, 524 
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seem to have been no notable differences in color between the positive 
\ and the negative cases. 

In view of the great prevalence of uncinariasis in the South, it is 
thought that much caution must be used in looking on hookworms as the 
cause of atypical symptoms in a patient simply because the ova are found 
in the feces, since the presence of uncinaria in the intestines may be a 

mere coincidence. 
TaBLe IJI.—Four Cases oF UNCINARIASIS Found AMONG THIrTy-THREE UNSELECTED SourH 

ERN-BRED SoLtpiers WHO HAve ServeD More THAN ONE ENLISTMENT PERIOD (OVER 


THREE YEARS)* 





- = a “ © = e_ = 
= = . < 2/2/35 = | 2/52) Ba 
< 4 = = s =isi¢e Ecl= TSz Sse 
s = 3 = s S teanu = a = | Se\ 5 2 os nee 
4B . Z e | s |ssi ¢ | 8\Zi% g~| 3 g Se Bz- 
1 Zigi¢ e| 9 ¢ = = Z cs} 2 |=| sj 6 = |5 8 Ss its 
2 i|%| ¢ > oS ¢ - = = =| © s8 sts 
& lal = 5 6 = a | © Za 72s 
10926, 4 68) 156) 148 Farmer. Logging... Tenn... Tenn...) N |Good 90 (55 4 |31 5 |4 1 \Very , 
few 
127/22; 5 71) 140) 140 Machinist.| Farmer N.C.../N.C N |Fair. 9050 | 8 /38 | 2 |2 0 Many 11 
} 129/29) 6" 68! 145) 140/Salesman ||Farmer Mi-~~ Miss N Good 90 55.5 10.5/24 $55 0.5\Very 6 
' few 
: 132.28 7 65 156) 10 Farmer. Farmer Tenn.../Tenn...| N |Fair. 90 31.5 26.5365) 3 [2.50 [Very 3 
' ifew 
* Twenty-nine negative cases are omitted from table as showing nothing interes 
N. means negative for ground-itch 
' Average eosinophilia 4 positive cases, 12.5 








» weight 4 positive cases 149.7 Ibs 
number of worms found, 5% 





BLOOD APPEARANCES IN MILD INFECTIONS 


The reduction in hemoglobin in infected men was very slight, being 
less marked than was found in the cases reported by Siler. No case was 
found with the hemoglobin lower than 80 per cent; the majority showed 
90 per cent. and a considerable number 100 per cent. Among the 135 


southern-bred men the average hemoglobin percentage for the infected 


cases was 91.5 per cent. and for the non-infected 94.2 per cent., a differ 
ence of only 2.7 per cent. No counts of red cells were made. 

The leucocyte count was made in 12 infected cases, but, as it did not 
seem to show anything of interest, it was discontinued. The highest count 
was 12,700, the lowest 7,600, and the average 9,600 per cubic millimeter. 
A differential count of the white cells was made in all cases and 


demonstrated, as was to be ex pec ted, that eosinophilia was present In the 
majority of those harboring hookworms. In the 64 positive cases th 
lowest eosinophile count was 1 per cent. and the highest 26 per cent 


Fourteen cases showed less than 5 per cent. of eosinophiles. The averagi 


and for 83 


eosinophile count for the 64 infected cases was 8.5 per cent.. 
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stools as “very few, “few.” “man ind “ve ! If tw ri 
sides Wi gone ovel welore 1 single egg vas vuind, the reco ve 
few’ was made. If one or two ova wert nd in a slide, the record was 
“few.” The tables show very lew n 18, or 28 per cent.. of the 64 ses 
which means that at least two slides were gone ver before an ovun \ 
oun In several Cases SIX O elg s ies were examine | y¢ ) ! - 
egg was discovered 

In some cases the number of eggs foun mn the ces seen 
no relation to the number of worms pass er the first « ( . 
ment 

SOURCE OF INFECTION 

In this series of cases, the find ngs coincide with previous expe 
nee as to the Importance of rural fe as a pred sposing cause ol ! 
tion. Among the 64 infected subjects, 53 gave a history of having at 
some time worked on a southern tarm. Of the 11 remaining subjects 
were laborers, 2 firemen and 1, each, a plumber, country blacksn 
expressman, brakeman, electrician and canning factory employé. O1 
nfected subjects reported never having lived in the country, and. o 
these, 1 was a laborer, 1 an expressman, 1 a locomotive engineer and 1 
worked in a factory canning shrimps and oysters 

Among the 100 recruits and soldiers in the rst enlistment, 74 ha 
been farmers at some period of their lives, the percentage « Incinariasis 
among these being 81 per cent. This closely approximates the findin 

: some physicians who have asserted that in parts of the south 90 per c 
the rural population is affected with hookworm disease. 

Most of the men wave a story OL having gone marelooted n 
1ood, and a little over half reported having had ground itch, but in mos 
ases the last attack was stated to have been a great man ears b 
20 t s doubtfu ! mpnortan ( I ) } 1 











‘ ENCINARIASIS AMONG SOUTHERN REORLITS 


L\TION O} N¢ LRIASIS TO THE PHYSICAL DEVELOPMENT OF RE« I'l 
It is considered by many recruiting officers that the physical develop- 
ment ¢ es ipplicants for enlistment is below that of norther? 
en, and it is known that a great number of southern men are rejected 
e recruiting stations for poor physical development and weight unde: 
that require lhe observations made by myself, as well as bv other arm 
surgeons. ha given the impression that the southern recruits are poor! 
elone I no Sher some statistics trom the ecords of the 
i ! it Jackson B acks « n es mpressions 
T * ‘ } 
I\ Hi Any» W FR 
AV ig Average Relation of Weight t 
Height Weight the Army Standard 
L140 re 1 ! ! ! 66 145 13 Ibs. above 
308 recruits born in the south 68 2/5 1412 21/3 Ibs. below 
7 southern-bort me recruit 68 1/6 140 21/6 Ibs below 
64 soldiers with uncinarias 68 3/7 140! 3% Ibs. below 
Siler considers robable that the poor development of the southern 
ecruit is due t nariasis. In this connection these words of Stiles 
are of interest: “If infection occurs before puberty. it is likely to retard 


evelopment, both mental and physical.” My own work shows that the 


average welg nfected cases was lower than that of the non- 
niected southe so ers, thoug the difference is not verv marked 
ng t n 4 s 
ra \ Wi Ht OF INFECTED AND NON-INFECTED SOUTHERN RECRUITS 


Average 

Weight Difference 
14 yuuthern ré it ! I ted 143 
29 southern ré fected 140% 2% Ibs. 
24) southern sold in first enlistment non-infected 148% 
30 southern sold ilistment infectec 142 6% Ibs 


{ { { 


As seen in Table 4, the average weight of 64 inl 


ected soldiers, as 


compared with their height, was 35°, pounds below the army standard, 
while the average for 149 northern-born recruits was 13 pounds above 
, 


Whether the eradication of the parasites at the age of the average sol 


1] 
f+ 


dier will lead to an increase in weight is left in uncertainty by my ob- 
servations. Siler reports a constant gain in weight in recruits after 
treatment. My 29 recruit patients, weighed about five wee ks after treat- 
ment, showed an average gain of 3144 pounds. It is not fair, however, 
to attribute a gain of weight in recruits solely to the fact that they have 
been relieved of their hookworms, because it has been found that under 
ordinary circumstances recruit gain weight as a rv sult of the regular 


} 


excellent sanitarv conditions and graduated exercises 


le, good food, 


} , ry 
associated with the ! tar ( 
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DISSEMINATED MILIARY TUBER 


Once see! this rash is readily recogn 
umbilication Is present, 1s not | kely to be « 
Il am fan ir. The vesicular tv) 
Varicella ) means of the centra crater. 
umbilicated, e lesions are more obu 


stricted at the base. and on pressure vield a 
ry iliar molluscun “corpuscles.” Svnh th 


“HowW Urn tion, nor does acne 
FREQUENCY 
Gdut o t rt wo cases of tube rculosis 


ears ol fe, examined by me, seven, or 21 


ruption. In ew of the fact that most of 





» Binds, 


at 


mee or twice. the real proportion must be considerably 


includes cases of tuberculosis of the bones, lymph nodes, 
neninges and peritoneum All the children 

topsv were ul to have miliary tubercu 

celv, however, that a lew spots may appear 
localized tuberculosis, as occurs in older children and 


mw more « ronnie ceases are more apt to show 


ones the patients probablv die before the e 


Thus out of fourteen patients with tuberet 


ad spots. ‘Two hundred children suffering 
n rere S15 i ( to show in ( 
nsia¢ n 
It = evident that the exanthem describ 
eance ol tselr, fol t causes ho svmptoms 
tenden ea From the point of view 
Ve s ites mportance 0 
orm the basis = report ive been ‘ 
sis r 
LISTOLOGY 
In spite of the ve mstant gross appea 
Variation In the stologie picture. The m 
necrosis of the skin and adjacent subcutane 
flammatorv reaction of the surrounding 











WILDER 


TIL 


NS7ON 





it \ ‘ isma ( . 
riant cells o if yercies Here there ~ I ng suggest 
xcept the presence of tubs e ba And, last the may be a 
tubpercuious process, W aseat T i] ( rl i n 
les and giant cells 
ETIOLOGY AND PATHOGENESIS 
e cause of the eruption is the tubercle ba s. In 70 pe 
mv cases wercie a 1 were demonstrat wit n the skin ies 
sometimes n arge numbers In orpers ) e Sure Lin 14 We 
scanty that thev were found only after a prolonged sear Che 30 
cen 1! negative findings is not surprising in a « m Sion sho 
| le tenden to sprear t mav be accounter ) ther on the sup 
tion that the bacilil ive ale out, or that tie were not brought o 
4 } , “We ’ ; 
the staining methods employed. The occasional failure of tuberck 
tal } me } P 
to take the carbol-luchsin stain h sections Ss we recognized 
lhe association with miliary tuberculosis and the presence 7 
} } } illay ' 7 tt ; t 
rene 1 in the capillaries (in Case 1) leave ‘ ) is »> the n 
origin ol | ‘ process Ss embolk inalogous ‘ ¢ rmat ! 0 
, 1 
spots in typhoid and Lo ¢ pustula ( rescence stap “ aa 
I 
cella. 
hye NioOWwINnge cases, sevel \ Line nde! se itior 
ng le, \ serve to strate e < racter OL the as al - 
l@ as a diagnostic sign ot m arv 1 ” S18 
{ASE I Patient J. P.. a male niant " it Long Island He ital, Be 
Oct, 29, 1907 velight at birt ¥ pounds; at oO Weeks, 5 pounds © ounces 
marged Novy Is 1907. in good condition Readmitted May Is. O08 i 
months No history obtained lemperat iré 00.2 pulse 120 respiration 
Phys l hea nat \ fairly evelopes rather poorly irishe 
aby, pale and fretful 1 few small lymph 1 es palpable in ne axilla 
vTroins Head square narked rosary Lung \ litth itside the inferior 
f the scapula on the rig consonating 1 es and bronechia reathing it 
tuiness elsewhere scattered moist rales Liver palpable ) " spleen 
elow the sta narel Over the chest | ibdomen and thighs i 
sma reddis spots about ! in diamete 1olit ele ‘ ul 
usts some she ing Listinet epressions i thre entel 
( f Disease Being at the ime unfamiliar i e el tion. | 
e dlagnosis of congenita SVI 1118 it ! pneu ’ 7 (dy ‘ “ny 
emperature st 104 The babv dic I et ng da 
i ps Di r. Ordwa This s ed a very extensive genera 
tuberculosis, in ving the eart ings, peritoneur ivel ple« pancreas 
nevs, aorta and ski The meninges, however, showed only one r two tube 
There is also tubercu s bro opneu nia it) isea vil 
tion ereu s adenitis and tuberculous ers of the ntestine The sta 
ace of t veneral infecti« is apparent " ivitv 1 he rig el 
Sections of e skin lesions s ‘ f " ‘ sis, SUT nte } the remair 











24 DISSEMINATED MILIARY TUBERCULOSIS OF SKIN 


esicles; the necrosis was most marked at the epidermis, but involved all the lay 
rs of the skin and even the subjacent subcutaneous tissue There was 1 


i cans 
ition, no tubercle formation, in fact, no cellular reaction. Tubercle bacilli were 
found in large numbers, in the necrotic subcutaneous tissue and aiso on the free 
surface Occasionally bacilli were present in well preserved capillaries in the 


necrotic area The tubercles in the various viscera were also characterized by foci 





@ tissue and absence 





of necrosis with little reaction on the part of the surroundi 


of giant cells 


CASE 2 Patient (. S.. a female negro child, aged 1 vear 9 months, was seen 
y me May 23, 1908. She had been well up to three weeks previously, when she 
began to have a short hacking cough and to vomit rhe vomiting lasted four days, 


e cough continued Convulsions daily for the past six days 


Physical I ramination Fairly developed, moderately emaciated Temp rature 

ve Large rachitic rosary, epiphyses enlarged, legs bowed Head somewhat re 

tracted, stiff Pupils dilated, reacting sluggishly to light Legs extended, crossed 

ind very rigid, back also stiff, arms less so Dyspnea Hivperresonance of chest 

ith decrease of cardiac lulness: livel lulness at seventh rib Lhe I el it of 

e chest showed numerous fine moist crackles Spleen palpable 2 em., liver 3 

below costal 1 irygin 

Skin Close inspection showed five papules, three on the front of the est 

e « the epigastrium and one on the right thigl hes iried in size from a 

pinhead to 2 mm. in diameter, were dull red, slightly elevated and covere¢ ith a 

tough brown crust, which was closely adherent On removal of the crust there 
is seen a small hollow in the center of the papule, which bled slightly 

f © < Disease The finding of these spots, which resembled those in the 

rst case, led me to make the diagnosis of tuberculous meningitis with general 

miliary tuberculosis The following day a fine purpuric rash appeared on the ab 

mel By lumbar puncture 5 c.c. of slightly turbid fluid was obtained; it 

clotted on standing and showed 78 per cent. mononuclear, 22 per cent. polynuclear 


eucocytes; tubercle bacilli not le 


*ked for. Death took place the same day, May 24. 


Postmorte Exramination No autopsy was obtained, but the spots were ex 
ised postmortem, and a few tubercle bacilli were found in them. Histologically 
‘ showed a chronic inflammatory process, with central necrosis corresponding 

to the hollow observed during life Phere was infiltration with lymphoid, epi 


thelioid, and plasma cells, but no tubercle formation 


CASE 3 Patient H.. a male infant, 3 months old. entered hospital June 20, 
OOS rhe parents ere Irish: the father had tuberculosis of the lungs The 
aby Vas one ott ins. and was breast-fed three weeks well up to two wer ks be 
re entrance, when he took c« Bowels moved six times a day; stools green 
Appetite good Nose-bleed twe avs before entrance len perature LS veight 


Physical Ewa atte Fairly developed and nourished, no rosary \ small 
vdrocele on each side \ few rifles at the right base behind Abdomen much 
listended, superticial veins prominent Both the liver and spleen enlarged and 


palpable, the former reaching 6 em. below the costal margin, the latter to the 


imbilieus The abdomen was somewhat tender generally, and there was a small 
imount of shifting dulness. Clinical diagnosis ruberculous peritonitis. Hemo 
globin 80 per cent vhite count, 10,000 Urine pale, clear, acid, no albumin or 
sugal On June 25 I saw the patient and observed a characteristic eruption It 
onsisted of 40 discrete papules, 1 to 3 mm. in diameter, each with a well marked 
entral erater They ere most numerous on the buttocks, thighs and scrotum, 
ith a few on the legs, feet and chest, none on the head. Some were dark red, 


being paler barely elevated above the surround 


thers were evidently involuting 


ale dala sate 


tins ow 
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2th DISSEMINATED MILIARY TL BERCLLOSIS OF SKIN 


tober 14 vith mononuclears increased.” rhe liver was felt 3 em. below the 


edge of the ribs Urine, no albumin. On October 23 the spleen had increased 
further in size, the liver reached nearly to the navel, and a skin eruption was 
noted, consisting of numerous small papules on the abdomen and legs. This rash 
is said to have been already of two weeks’ duration. One of the papules was ex 


cised October 29 by Dr. Ordway. He describes it as a typical lesion with central 


umbilication rhe sections showed tubercle bacilli in large numbers, often ag 
gregated in heaps Blood culture was negative 

Evramination Several days later I saw the child, and found a copious erup 
tion of about 75 papules, chiefly on the chest, abdomen, buttocks, external geni 
talia, thighs and arms Che spots were 2 mm, in diameter, red, soft, with a 
vesicle in the center. On the back were two larger lesions, resembling echthyma, 
overed with thick vellow crusts The von Pirquet skin reaction was negative 
October 27 Signs of consolidation in the right middle and lower lobes ap 


peared and death occurred November 13. There were no signs of meningitis. 

tufopsy (Dr. Ordway).—There was found very extensive general miliary 
tuberculosis, involving almost all the viscera excepting the brain and meninges 
There was also caseous bronchopneumonia and tuberculosis of the bronchial, 
mediastinal, mesenteric and retroperitoneal lymph nodes. The skin showed still 
a few papules, reddish-white, firm, some with a central brown crust, others with a 
minute central depression. 

CASE 6 Patient \.. male infant, Italian, { months old at entrance to the 
hospital, Dee. 11, 1908. The mother was then in the last stages of phthisis. Past 
history not obtained 


Course 


f Disease Che child had been sick four days with cough and feve1 
There was a patch of solidification near the inferior angle of scapula on the left; 
the spleen was palpable 2 em. below the costal margin. Diagnosis: Pneumonia 
Resolution took place, but fever continued, an irregular pyrexia with remissions, 
maximum 40.4, minimum 37.2. On January 4 an area of ill-defined consolidation 
appeared on the other side, in the lower lobe, and there were diffuse moist rales 
Om the 18th the tuberculin skin reaction was negative In spite of this, a diag 
nosis of tuberculosis of the lungs was made, on account of the clinical course of 


the disease 


Examination I saw the patient for the first time on January 22, and found 
a verv characteristic rash, which the nurse said had been present for a long time 
There were about sixty discrete papuies, chiefly on the buttocks, thighs and 
scrotum, 2 to 3 mm. in diameter, flat, only slightly elevated, dull red in color, 
with a glistening surface, and a pin-point depression in the center Some of these 
were evidently in the process of healing, being flush with the surrounding skin, 


with brown pigmentation, and at the periphery a slight furfuraceous desquama 


tion here were a few similar papules on the neck. Back and legs free. Over 
the abdomen, arms and face there were much smaller, pin-point vellowish crusts 
vhich on removal left a minute dell in the center lo the left side of the anus 
as a purple indurated area with a recent incision discharging pus (ischiorectal 
ibscess On the antihelix of the right ear was a small, rather deep ulceration 
overed with a crust Examination of the chest showed below the right clavicle 
imphorie breathing with dull tympany on percussion There was consolidation 


it left base behind, consonating rAles without dulness in right mid-back, moist 
riles everywhere pallor, lividity and dyspnea On the strength of this eruption 
t positive diagnosis of general miliary tuberculosis was made Later in the day 


sputum was obtained, and showed numerous tubercle bacilli 


The babw died three davs later. January 25 
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Lutopss D ( Hi. D This showed a roluse enel 


ilosis, involving the lungs, liver, spleen and kidneys, with tuberculous 


monia, two small cavities at the right apex, tuberculosis of the intestines 
1] 


tions of the papules showed infiltration hietly with epithelioid cells, no d 
tubercle formation, no giant cells fubercle bacilli were distributed in large 
ers throughout the lesion 

CASE 7 Patient ¥ 1 Portugues WON } wears old, entered the 
Mareh 3, 1909, for phlyctenular keratitis Past history could not be obtain 
first saw the patient March 10, 1908, and made the following notes 

Examination Well developed and nourished Secrofulous facies, with 
thick nose and crusty eczema about anterior nares and ears. Phivectenulat 
ititis on left, right eye shrunken from old panophthalmitis A large bunch 
, 











ed. I 


red lymph nodes on each side of the neck, glands In axilla considerably in 


vroins slightly, enlarged. Consolidation of left lung from apex down to t} i 
rib in front, and to the lower third of the scapula behind; less extensive si: ns a 
right apex. Numerous rales throughout chest. Spleen palpable 3 cm ve - 

em., below costal margin \bdomen protruding, tympaniti no demonstrable 
iscites. On legs and thighs numerous round pigmented sears 1 «© in diameter 
from impetigo’). 

Eruption About sixty small spots, 2 1 } mm. in diameter iefly on t ~ 
ind thighs, fewer on the legs. one on the left cheek, a few on the neck, none on 
the chest Only two of these lesions are fairly fresh, being elevated iu ‘ 
vith a “l-sized central hollow. The others are in various stages of involution 
many are no longer elevated, but consist of whitish scars with a pigmented pet 
iphery; a minute central depression in still visible. however 

rhe two freshest lesions were excised The sections differed from t e of 
most of the other cases in showing typical miliary tubercles with giant cells In 
spite of this, however, and of the typical naked eve appearances, no tulx ‘ 
bacilli could be demonstrated. 

Course of Disease The eutaneous reaction of von Pirquet performed on 
March 13, was markedly positive, showing a raised red infiltration, 7 mm. in 
liamete rhe sputum showed seanty tubercle bacilli, eight bacilli in four prey 
rations on March 15, five baci!li on March 16. On March 21 all the spots id 
faded, showing minute whitish sears in the center of a small pigmented n 
irea Che child was discharged April 4, and died at home April 13, 1909 

] ese seven Cases ; came l ( Nn ersona serva - an 

vat were demonstrated n es nh iestons I ( i! ‘ 
t1 p ent. Either Dr. F. B. Mallor Dr. S. B. W 
thie entity yt The a mn @y nstanes 

| ug he courtes Dr. 5S. B. VW ) () 
ave been able to examine sections ym ‘ er cases. 1] 

(‘ASE 8 1 ps 0-133] Be er Hvygie | rator \ s 
i We bach l in ¢ aciated rite mate infant > months « thy the t 
side of the abdomen and on the ankle ere t lightly raised rusted lesions 

mi iameter On picking the crust tT from one L crater e depressik 

s lett hich was clean and ry On the right thigh was a slightly raise 
irreguilal re irea , nm it mete! | ere is general miliary, iber S15 
I ne the ings iver, s ‘ I evs The mat focus Ss apparer 








-5 DISSEMINATED MILIARY TUBERCULOSIS OF SAIN 


in the lungs, whi showed extensive caseous tuberculous pneumonia. There was 
ilso tuberculosis of the pleura and of the mesenteric lymph nodes The spots 
showed the usua istologic appearances, with a few tubercle bacilli In this 
case in which the clinical diagnosis was uncertain, Dr. Wolbach was able to 


make a positive diagnosis of miliary tuberculosis from the skin eruption, before 


opening the body 


Case futopsy O-1381, Bender Hygienic Laboratory \lbany, performed 
by Dr. Wolbaecl January 30, 1909 S., a well-developed, fairly well-nourished 
vhite female infant, aged 4 months Eruption: Uniformly distributed over the 
chest and abdomen there ere twenty-three minute papules The vreater nun 
ber were dry, crusted elevations, 0.5 to | mn in diametet The removal of the 
crusts of some of these left clean depressions, some of which were dry and ap 
parently covered with epidermis Some of the papules were glistening and red 
lish, others covered by a superficial layer of epidermis, and when incised vielded 
minute droplets of iriform material [here were a few small papules of both 
types on both thigl ind legs, and several on the neck and right upper arm. 
Lhere is venera " ary tuberculosis of toe ings liver, spleen hinevs and 
iorta The head was not opened spinal meninges and cord normal! The right 
lung showed caseous tuberculous pneumonia of the middle lobe and of the adjoin 
ing portions of the upper and lower lobes There was tuberculous adenitis of the 
bronchial, mediastinal and mesenteric lymph nodes; tuberculous ulcers of the 
testine 

In this instance also the diagnosis, previously in doubt, was made by Dr. Ws 
bach from the skin eruption rhe examination of the spots, however, failed t 
reveal tubercle bacilli, even after persistent searcl rhis may be due to the fact 
that nly the pus-bearing vesicles were excised; the more typical umbilicated 
esions were not examined. The typical gross appearance of some of the lesions 


ind the presence of tubercle bacilli in vesicular lesions in Case 1 leaves little 


loubt that this case belongs in the present series of tuberculous skin eruptions 


CASI iw Patient | I 1 hite female child # months ld, entered the 
Boston City Hospital Mare 12, 1909, on the service of Dr, ¢ F. Withington, to 
whom I am indebted for the clinical notes The mother had pulmonary tuber 
culosis. One brother died in infancy of malnutrition, one sister died of broncho 
pneumonia The past history was negative; the child was bottle-fed rhe pres 


ent illness began one week previous t 


» admission, with vomiting; three days late: 


there were convulsions, restlessness and violent spells of crying. 


Evaminatio \ well-developed and well-nourished, apathetic child; pupils 
equal, reacting to light Neck slightly retracted. Lungs and abdomen negative 
Knee-jerks norma Leucocyte count 20,000 

On the following day there were frequent convulsions, the lungs were full of 
rales, and the child died after an illness of only nine days. Clinical diagnosis, 


tutopsy, A 09-36, March 14, 1909 (Dr. T. Ordway Eruption: On _ both 
tighs and buttocks, and to a less extent on the legs. were a few scattered dark 


red are ts l to 35 mn In diameter, some macular, others papular; the majority 





had a distinct depression in the center, and were capped by a grey-white seale on 
crust individual lesions of similar appearance were found as follows: Right 
side of neck right hand, lower abdomen, sole of foot some ot these re 
sembled fading lesions of varicella There was il miliary tuberculosis of 
the lungs, pleura, spleen liver, kidnevs, with tuberculous meningitis. tuberculous 
bronchopneumonia and tuberculous adenitis of the bronchial, mediastinal and 
Inesenteri¢ Ivmph nodes Sections of the skin lesions showed chronic inflam 


matory tissue with a few tubercle bacilli 
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ASI 1] Pat DD I ematie inta ntus entet! the spit 
April 26, 1909, and iS seer me t i ! ’ l moth i ‘ 

Ss « Y ! nt pre l is Phe i 1 bottie-Tted i heel! nstipat 
sine rt rhree months ago a } : nl e the diagnosis of tuberculos 
the nes and ta nge! \l nine is eltore mission the « be n t 

it frequent for t Lvs ji ess ul . th f 
juent twitchings 

Phys l ERaraminat We evelom the woorlv 1 ‘ 
tose femperature SO. : re ration, 64 Some 1 t\ ft m ! retra I 
Pupils dilated; no strabismu No Kernig’s sig ! rosa Lung Nume 
very fine al medium sceattered ist rales o1 wot sides Ne the s ‘ t 
s ila on the left, respiration bre i ith dull tympanitie note « ‘ 
silo! Liver felt 3 em, below the cost margir pleen not palpable The f 
finger of the lett hand showed swelling of the first phalanx ie t ony tar 
ing ictylitis Eruptior At the middle of the right forearr n the exter 
surface, the skin was reddened over a circular area 8 mn in diameter and covet! 
vith coarse scales On removing these the skin beneath was found smoot ul 
re ith no ulceration and no central hollow The skin was infiltrated, but m 
letinite nod vas felt On the outer surface of the left leg, at the middle ere 
two similar lesions, 6 mn in diameter On the buttocks were several minuts 


papules, 1 mm. in diameter, dull red in color, scarcely elevated above the su 


rounding skin In the center a yel 





lowish spot, but no definite umbilicatior 
Che baby died April 28 
futopsy (Dr. ¢ Hunter Dunn There was a profuse miliary tuberculosi 
involving the lungs, liver, spleen and omentum; tuberculous bronchopneumonia 
of both lungs; chronic tuberculosis of the mesenteric lymph nodes Iwo of the 
larger skin lesions were excised, and both showed nodules in the subcutaneous fat 
tissue the size of large peas. Microscopic examination showed both nodules t 
be tuberculous They were encapsulated and situated wholly beneath the skit 
Che latter was thinned and showed proliferation of the horny layer One nodul 
is almost wholly caseate one tubercle bacillus found within a giant cel Dh 
othe vas in an earlier stage, vith dense infiltration wit] ymphoid and epithe 1Ol 
ells, chiefly the latter Miliary tubercles were present but not sharply define 
Lhere re uriv numet! is Mmiant « s a nsiderable caseatior three tuberctl 
baci in three sections The nature ‘ lifute lesions on the butt . 
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IMMUNITY AND INFECTIOUS DISEASES 
erms. Such germs, then, once having gained even an inse- 
n e animai bDOd\ Vy no matter what ltavoring < m 
ssessed of a powerful weapon of offense against the sens 
vases of the host, and of defense against its more Imm 
e means of combating the germs themselves. In the cas 
: ! pathoge! ~actel the secretion, at leas n art 
: ghly soluble and potent poisons has not been dem 
a although certain investigations point fai con- 
rodu n of some mine es W h have been showii 
sly on the red blood cells and on the leucocytes—th 
nd leucolvt substances which are looked on as 
ns e toxins of diphtheria and tetanus 
ms sup} Ct the ( that there ma e st ( er tri 
Vy These organisms, W ( uso Give se In the anin rr 
I true antitoxins e., l ound to be ne a 
tisera nit for unit, ace ng t a ! ples 
ind tetanus toxins 
poisons ma n some instances be demonstrated in cul- 
so may possibly be forme n the animal bod the 
s of t cerms. These are either simply waste products 
) s due to the decompos on ot the nutrient me 
ms are rowing. These bo Ss al isually referred to as 
Bey ent all rom the — reted toxins - ™ ales 
‘ n and in their phvsiologic action, resembling in bot 
iloids. They are not known to give rise to antibodies of 
Apart from all the poisons just mentioned: ( 
nolvsins, lecocidins and ptomains, there is supposed t 
mportant and interesting group of poisonous sub- 
illed endotoxins. These, so far as our knowledge goes, 
firn seated in the bacterial cell, which are not s 
di cultural media, and are supposed by most observers 
le in the animal fluids and tissues from the intact bac 
= sons ma be demonstrated in old cultures n whi 
ead and disintegrating « ndergoing autolysis—al 
es not cons le a ito] tl products necessal sin ar 
( may e obtained D aestroving the acteria me- 
ressure and grinding, or by breaking them while frozen 
the are sa t vecome free when the bacteria d 
ire disintegrat digestive bodies bv which they 
‘| cM naot ns ( ( 5 d by t] fact that the 
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NITY AND INFECTIOUS DISEASES 


is is been sik | l com =1VE ) Live 
ews ind Was beaut strated bD in expel 
Wassermann, who afte iving shown that t 
) nes who 1Vé res ere | m \s itic ¢ Nera 
t cuinea-pigs trom or na fatal doses « cho 
n sed in on ad it ns. then prove | | if t] s pro- 
! ! ( mre ut depends roe ~ i not entire 
Ss n to aid in the mmedtiate dissolution of t 
=: which received only a fraction of a m rram of 
? Y ' ’ ? ' ninl ; rij nt 
) to yea the nye no 1 MON LU 0 \ uien 
’ 
l without reac nm, W e cont! animais suc- 
0 t adose wt rie ~ toms Now rwevel 
isec| to three or five loo s. not even ten thousand 
int of the s m woul otect the animals against 
oxic effects n i mn tact. as s wn r\ Pf {Ter 
+ +} ] 
nar rap tv. so } n OSE animals thre tem- 
‘ ( i irop wit n two rs alter Inoculation, 
=. W cl } ive rece ed the same quantitv of en lera 
m may s \ sin ethal drop in temperature 
e results of t s serum is found, probab n 


ngs are able to withstand a certain quantity of the 
poison (endotoxin) which mav be represented by 


culture. If the animals are given smaller quant 


n, say one-fourt to one-ha ooptu these ma 
ut producing mark svmptoms Parallel with 
e phenomenon of germ destruction is going on 
ms of intoxication appear at the moment whet 
destroved has become so large that it corresponds 
l f the cholera culture An animal wi I : 
in - when n ‘ with mmune serum, { the 
the mit of intoxication befor t Is entire d 
hal when guinea-pigs receive the larger dose o 
serul not being antiton Ss not able to coun- 
th rated cholera poisons, but, on the other 
ises the rate of destruction of the vibrios, and 


pears earlier in such treated animals than in the 
organisms alone. 
iolera experiment because I feel that it 


xtreme limit of the endotoxin point of view. and. 
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s IMMUNITY AND INFECTIOUS DISEASES 


Ba us s. whi may often be seen free amor the ba 

n egulal inules like carmine powder. That bodies s is this 
atter might be extruded from pathogenic bacteria, and not be solub 

the usual culture fluids, is not improbable, and the fact that more or less 
insoluble interstitial substances are not infrequent among bacteria is w 
known. Amo pathogenic germs these characters, in mv experience. 
usually, if not always, more marked in freshly isolated cultures. TT 
sticky, almost slimy character of cultures of meningococcus may bi 
called, a character which tends to disappear after a few generations 


artificial cultivation, and the highly mucinous capsule of the Streptoc: 


cus mucosus whi ends to decrease under artificial cultivation, as d 


also the capsules of pneumococci and streptococci. 


Now, it seems to me—and this view has been supported by Walker. 
Deutsch, Welch, and Eisenberg, and is, in fact, but an axiom which would 
be recognized immediately by any trained biologist—that all micro-organ- 
] 


isms will adapt themselves so far as is permitted by their physiologic 


peculiarities to the stress of the environment, the exact direction which 
this adaptation will take being determined by the character of the en- 
vironment, chemical and physical, and the physical, chemical and physio- 
logic characteristics of the germ involved. 

Thus we might have a germ increasing its toxin output in the fa 
of neutralizing stimuli. Or we might have germs which are more espe- 
cially opposed by lytic bodies, either increasing their receptor appa 
ratus, as has been claimed by Pfeiffer in the case of virulent cholera or- 
ganisms; or a more efficient protection can be conceived in the formation 
or increase in thickness and impermeability of surrounding envelopes, 
or extruded neutral substances, which are not soluble, but remain ad- 
herent to the germs. Eisenberg has developed this latest idea in his ecto- 
plasm theory, and, indeed, it has long been recognized that capsule forma- 
tion may be simply a response to unfavorable environment and a more or 
less efficient attempt at protection. It is certainly true that a number of 
hig . 


our most hlvy adapted invasive germs, such as anthrax, pneumococcus, 


and the organisms of the hemorrhagic septicemias, do develop capsules 
in the animal body; and the most virulent strains, it appears, have this 


1 


formation most highly developed. 


The fact also that many of the non-capsule-forming organisms ap- 


pear larger in the fluid of fatally infected animals lends some support to 





ia MG i ga, Se A i ed! a eet hie an Minas ct gn 


vet. 


ol 


eo ec al 


heal 


ofan 











: are concerned—have largely been ¢ ate rough morp! 

% tigation of cellular activities taki inimal b ! 

4 . 

» contro ( maitions n re est-t mM S y i ns 

: . ' 

: piace in test-tubes between the fi : I ma mmu! al 

; and the bacteria and t r products, and, fina mol yur 

» physiologic tests of the protecting power and mechanism of action 
animal fluids or extracts when introduced into another anima 

j same or different species, along with the bacteria or their products. 

} Such studies have, as is well known, afforded a vast amount ! 
formation. Through them the soluble secreted bacterial poisons hav: 


been demonstrated and have been found to stimulate the production 
neutralizing bodies, the antitoxins: bacteria and their culture ltrates 
have been shown to call forth bodies which are present in the serum ot! 
animals treated with them, and which cause a precipitation of rtaiy 
sacterial constituents of the filtrate—the precipitins; and injections of 


animals with bacteria or their products have been found to cause the pr 


duction of bodies which are present in the serum and w h have 
power of agglutinating the bacteria when brought into contact wit 
then the aggiutinins and o el es are CW1s¢ ) ed W 
208 4 
capable under prone conditions of ne the yactel ne act ( i 
> 3 ’ , 

substances r even of dissolving then s we have see! n some nstatr 

the bacteriolytic substances. All of these bodies may be demonstrate: 
n the serum of certain normal animals and may be shown to be increas 


ization of these animal th bacter yr their product 
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i. IMMUNITY AND INFECTIOUS DISEASES 


gnt tor normal § 


vacteria was recently determined positis v Wri 


m. These bodies have been called opsonins by Wright, and bacterio 
ypins by Neufeld, and have been shown to attach themselves to 

acteria and thus prepare them for ingestion by the phagocytes. It has 

ilso been shown by various observers that the more virulent the germ, the 


ess susceptible it is to phagocytosis and the more potent the antisera 
must be to permit of the ingestion by the cells. 


} | 


ne a 


If now, for clarity of conception, we summarize briefly t i 
producing agents possessed by the bacteria and the opposing substances 
of the serum and processes of the animal body, we find the true toxins 
including probably leucocidins and hemolysins, opposed by antitoxins 
which become free in the plasma; the bacterial bodies and probably the 
endotoxins opposed by leucocytes, and possibly directly in the plasma by 
lytic substances formed of amboceptor and complement, which either kill 
or dissolve the bacteria and free the endotoxins, but do not neutraliz 
them; and. third, we have probably certain secretions which oppose the 
opsonins, and thus prevent phagocytosis—antiopsonins—bodies which 


may possibly be the so-called aggressins of Bail, and which are present 
in exudates and, although not toxic in themselves, increase the infectious- 
ness of the bacteria with which they are injected; and, finally, opposed 
to bacteria and their broth filtrates we have the agglutinins and pre- 
cipitins, the activities of which are manifest in serum, but whose relation 
to immunity is not altogether obvious, as they have not been shown satis- 
factorily to bring about agglutination or precipitation in the animal 
body. 

While all of these different functions and chemical substances are 
possessed by animals as a class, it is becoming more and more obvious 
that these are not always present or active in the same degree, and that 
there are recognizable differences in the protective mechanism of different 
animal species—in species, in fact, not far removed from each other in 
the natural classification. An explanation of reactions to a given infec- 
tion which applies in the case of one species is not, therefore, obviously 
applicable in the case of another species. This is true not only of the 
mechanism of protection as it takes place in the serum of different ani- 
mals and in their plasma, but also of phagocytosis and phagocytic diges- 
tion and the factors which contribute to the perfection of these processes. 
The constant stumbling-block in the way of a correct interpretation of 


processes going on in the animal body is our inability, as we have seen, 


to argue from serum phenomena to phenomena occurring in the plasma. 
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14 / 7) IVP INEFRCTIOUS DISEASES 
: tiol Ss not accompiishe n the plasma, then 
! =. i ¢ ect ¢ ‘ ( ( ( l ( ( 
ne star r rrenc s rea 1 patholog . 
! meno! ss OF ¢ ‘ ! = 0 roe to thre tivities o 
oa on s arromniahment 
‘| ( ~ ! - stances \ eh I Lhe ( : l is We lave 
seen ‘ l ntion of ( 1! the bo Ss antagonist to 
wt iw ( posed to be contained tn t cocytes have also 
een extens estigater 
yperin - bearing on ese questions make appear extreme 
! ible that ericidal and digestive action depend on two processes 
ne es ~ | ! ti wtion of the se m and plasma Tie 
ther the bact il action of substances retained in the leucocytes. As 
in example t 0 dependent sol on the bactericidal substances o 
the serul ‘ als 1, the mee inism of the natural and artificial] n 
munit ra ! ys to typhoid and cholera mat ee { ited, since n 
tines inimais no re is as et succeed n demonstrating that sub- 
stances det om 1 eucocvtes by extraction have anv bactericidal 
i“ on n e¢ l “ris OF These Two diseases ‘| does not mean. Oow- 
eve tha ( ericidal action takes place natural outside of t 
leucocytes. for the bacteria loaded with amboceptors are probably take 
nto the woevte and there digested. As examples of immunity depend 
ing on the bactericidal substances of the leucocytes, the natural and art 
hel init of dogs and cats to anthrax, and the immunity 
yuinea-pigs to ce iin strains of proteus, may be cited, for in these cases 
t ( oOcVvi extract is germ dal. the serum is not 
Stat na then, our knowledge of immune bodies and To 
esses stands s it thus Bodies which are bac ricidal and bacterio 
tie ma en n the plasma, and certainly t serum, where 
this is uthologiec process, which when supplhed with com- 
plement, ¢ norma present in tl plasma or derive 1 from injured 
UC es ! wtive against micro-organisms ther K ng them o 
actua re ! mn up in some cases and CT n vclies W ire 
then aire sonous or become so by tu er digestion. Beside these 
erTml i rT = nere are othe! welies W ( wi e not a rectly harn 
ful to the bacteria, render them powerless against the phagoevting powe 
or the leucocytes These bodies are probably present in the plasma, cer- 
tain n the serum. They are the opsonins or bacteriotropins. 
\fter phagocytosis has taken place, the germs mav be killed and 
digested. Some i the bactericida odies of the hagocytes are bocties 
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IMMUNITY AND INFECTIOUS DISEASES 


are then poisoned from without, just as are thi 


} 1 } 


s, and the more active the plasma digestion the more 


le protective mechanism becomes. 
one thus somewhat lengthily, but nevertheless in an outline 
some of the problems of immunity, particularly those relat- 


] } fryl 4+ 


-organisms which are harmful to the animal body, not 


their ability to secrete harmful soluble poisons, as 


nsistently invasive character, or by the liberation of thx 
ts resulting from the destruction of their secretions or ¢ 
+} ] . } 4 . } } 
s. It is the diseases caused by these organisms on which 
» cents attention. 
nis 2 0 these d seases un ) hted|] peiong to two or more 
| \ ld p we Ti Ivple il septicen l produ = 
mococcus, streptococcus, et in the other the non-in 
< ~ ! ed ( rit l in to some deg 4 ) yhoid 
two extremes there re all grades Che bac cs of t er- 
nk, stands by itself and offers a most special prob 
na mvself at all clear in setting forth some of the ita 
e study of these tvpes of micro-organisms, and of the proc- 
) rT nvoived nm me ting niect m and estabiishin cure 
om them, I think you will comprehend more readil\ 
oblems which dallv lace us In our struggie to arrive at 
{ ] 4 ] 1: +7 . 
I blologic treatment, and reailze more tully, in the 


e, why disappointment has so persistently followed 


of serum therapy. For, in spite of the most persistent at 
ce curative sera, the results have not been satisfactory and 
except in rare instances, to the practical use of such 
reatment of disease in man. 


us produced, have not, except in a very minor way, 
ec in the usually accepted sense, and depend. as we 
or any protective value they may possess, on their germi- 

vtic power and on the opsonins they may carry, and 
agocvtosis. These sera are capable of protecting an 
a many times lethal dose of an infecting organism, when 

n surprisingly minute quantities; but that any consistent 


ts. other than mers wal, have been definitely deter- 


to their action, after an infection has once been established, 


er hand, indeed, test and experiment have shown that 


man suffering from a true infection may and often do 
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) IMMUNITY AND INFECTIOUS DISEASES 


The infections to which I wish to eall vour attention chiefly aré 
staphylococcus, streptococcus, pneumococcus, typhoid, dysentery, menin 


gocoecus and cholera, although we have also experimented with tubereu- 





losis and with infections due to micro-organisms of animal origin—th: 
) spirochetes and trypanosomes—and with animals suffering from inocu- 
lable tumors. 

It is evident that the extracts used must vary in strength, as there is 
' no means by which they can be exactly standardized, principal] on 
| account of the red blood cells which are often present in the exudates. 
I would call attention here to the fact that neutrophile granules 


the rabbit cells apparently go into solution in water, the cytoplasm 


1] 
] 


indergoing marked disruption, while the nuclei of the cells swell up 


and resembie tf 


he larger, paler nuclei of mononuclear cells, but by no 


means 


go into complete solution. It would not surprise me, therefore, if 
1e constituents of the cytoplasm were active. What part the nuclei play 
n the outcome of experiments Is a question Ll am at present unable to 


answer, although I am not unmindful of the beneficial action claimed 


: ‘vy various writers for the so-called nucleates (nucleic acids), especially 

: n warding off peritoneal infections. They, however, refer this action 

to an nereased leucoevtosis. The sources of these nucleic acids are. 
owever, so varied, being either from yeast or animal cells, that one 
might well, theoretically at least, look askance at the introduction of 
come of these bodies during the course of a disease already taxing the 
owers O! e system 


Staph Ms Infections in Animals. If we analvze our series ol 


; 
: 
: 
| staphvlococeus infections.' we find that animals receiving subcutaneous 


niections of rapt lata doses ot Staphylococcus pyogenes a sy can 
genera e saved by treatment with the extract of norma! leucocytes « 
? y y ’ ] ] . ] T ° ' ? 
bots ¢ ! 1 Sina cqdoses, especially when nese are given ntrapel 
: 
toneally. When intravenous injections are practiced, the results ar 
Torant + tr t gr mimal nal ry » } t ] 1 r) iy } 
ent, b reated animals usually survive the controls many davs and 
sent modified histologic pictures. 
: SF s Infections in Animals.—In experiments with strepto 
cus infections | have worked only with those brought about bv intra- 
venous inje ns. In these experiments we find a marked lengthening 
fe and even a survival of the treated animals, and better results in 


‘ I em 1 develo irth ilar o! periarth il lesions 
tend to distinguish these infections from pneumococcus infections, 
1. Hiss Jour, Med, Research, 1908, xix, 3523. See this article for details 
| f these and the following experiments on animals 
: 
: 
: 
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D4 IMMUNITY AND INFECTIOUS DISEASES 


principal substance at work is one active in neutralizing poisons o1 


venting their lormation, and thus able to re lieve the animal economy an 


give the phagocytes an opportunity to carrv on their work of ingesting 

the micro-organisms and their non-soluble products, thus permanently, 
| } } r ] 

rendering them harmless 


The points which to my mind at present speak most strongly fo 
the explanation of the beneficial action of leucocyte extracts, as either 
poison-neutra ng or poison-prohibiting, rather than primarily bac- 
tericidal or bacteriolytic, or even one of immediate phagocytosis, are first, 
the effect on temperature; for, when the temperature is high it tends i 
he lowered, and when it is falling below norma] from the intensity of 
the poisoning it tends to rise, on treatment; which is a sign, of course. 


. } 
f 


under this condition, of returning strength on the part of an anima!: 
and, secondly, the effect in preventing diarrhea, which is a symptom of 
poisoning in such intoxications. Animals treated in time rarely show 
diarrheal symptoms. Now, if the action of the extract were a poison- 
liberating one, we might possibly have a fall in temperature when it is 
high, following the introduction of extract, caused by a further poisoning 
but we should not have a rise in temperature in an already fatally intox- 
icated animal; in the same way, if poison were liberated, animals receiv- 
ing treatment should evince symptoms of diarrhea before the untreated 
ones. And, further, the experiments performed by Zinsser and myself 
in vitro and in the peritoneal cavities of guinea-pigs strongly favor a 
toxin-neutralizing or coagulating action, for we were able to show, in a 


fairly satisfactory manner, that bacterial extracts were precipitated | 


\ 
leucocyte extracts, and we were unable to determine any marked extract 

destruction even of such sensitive organisms as 
cholera vibrios, or, in fact, any immediate increase in phagocytosis; and 


vet the animals were better off than the controls. That the action is 


one affecting the poisons immediately, no matter what the effect on t 
bacterial cells may be, seems an unavoidable conclusion, since falls of 


temperature of several degrees may occur within a half hour to an hour 
after subcutaneous administration of leucocyte extract. This fact also 
practically rules out an explanation of the extract as being simply 

stimulator of general leucoeytosis from the leucoevte-forming bases of 
e animal: for, even if such a leucoeytosis could oceur in so short : 
time, we know from experiment that freshlv obtained living leucoevtes. 


when introduced into an infected animal, even intraperitoneallv. are 


ctions. The lives of the anima!s 


nractica without effect on systemic inf 
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are not lengthened and these Intact leucocytes s« to ive 


on the temperatures. 


Intravenous injections of living leucocytes have not been tried, sinc 


the results of such a procedure are of purely academic interest. bi 


entirely outside the realm of possibility in the treatment of humen inf 


e 


tions. The use of living leucocytes in the treatment of local imfection 


such as those of the pleura or peritoneum, or even subdural infections, is. 


of course, possible. but of limited application. both theoretica an 
practically, and their beneficial action would probably be due to 
simple regeneration of the phagocyte army, or to extracts which, uns 


pectedly, accompanied the supposedly intact leucocytes introduced. 


THE TREATMENT OF INFECTIONS IN MAN WITH LEUCOCYTE EXTRACT 


While animal experiments are necessary, and often extremely instru 


tive. one can, nevertheless, not argue directly from these to occurrence 


in man. An injection disease is not an infectious disease, and we a 


dealing usually with conditions in man which are at least not entir 
analogous to artificial infections in animals. Artificial infections ar 
usually accomplished by an abrupt introduction of a large quantity o 


infecting germs and their products: the animal powers of resistance ar 
often immediately and severely taxed; the incubation period thus arti 
ficially shortened ; and the germs themselves are not subjected to sucl 


searching elimination, being present in large numbers, as is usually t) 


case with the few organisms gaining a foothold by the natural channe] 
of infection. This difference is most marked in septicemias, in whic 
animal experiments, the organisms have been introduced directly int 


I 


the circulation in quantities sufficient to bring about a very rapid poison 
ing and overwhelming of the animal, with probablv only a verv partia 


adaptation of the bacteria to the anima] agents of resistance. On 


other hand, the septicemic invasion in man most often follows the adapta 
tion of the germs in some more favorable nidus, and probabl is ft 


do with an evolution in the bacterial resistance to the protective powers. 


rather than a decrease in protective strength on the part of man. Indee 
hoth of these processes may increase hand in hand, and we may hav 
septicemias extending over weeks. months, and even vears We ma 
have, in fact, an “armed peace” and the prepared 


to be routed by the application of means which under other cireun 


stances might prove efficacious, for we have seen how e bacteria ma 
possibly become resistant to the protective agents of the animal bod 
and mav continue to survive attacks which might well prove fata 


sry es 


well adapted members of the 
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tient feeling extremely well. On November 4, the following day, no further 
leucocyte extract was given, nevertheless, the temperature did not exceed 100.8, 
and the patient felt so well that she was allowed up in a chair. No further in 
ections of extract were made, and on November 5 and 6 the afternoon tempet 
ature became gradually higher, reaching 103 at 6 p. m., and on November 7 a 
sharp afternoon rise to 104.2 was accompanied by a chill. This chill on Novem 


vr 7 was the first true malarial chill which had occurred since the beginning ot 
| this time the patient had been feeling ex 


treatment on October 28 During a 
tremely well and all the symptoms, which were analogous to those of toxemia in 
malaria, had been alleviated. On the other hand, absolutely no diminution o1 
change in the plasmodia was noted. On November 8, 5 grains of quinin were 
viven every four hours, which, after a few days, resulted in complete cure and 
lisappearance of the plasmodia from the circulating blood 


Although isolated, this case showed such a striking reaction to the 
first administration of leucocyte extract and such an unquestionabl 
return of symptoms upon omission of the leucocyte extract that, while, © 
course, a single case warrants no conclusions, the evidence certainly fa 
vors the opinion that the extract had a distinct neutralizing value for the 
poisons elaborated by the plasmodia. It is interesting, moreover, to 
note that the symptoms of the disease were entirely alleviated without 
there being any visible effect on the plasmodia, a fact which seems t 
indicate that certain phenomena appearing during this disease may le 
interpreted as the results of toxemia. 

That malaria can be thus influenced would seem to be a fact of mor 
than passing interest, and it is mentioned here as it holds out the possi- 


1 


bility of the favorable outcome of the application of such measures to 
the treatment of the spirochwtal and trypanosomal diseases and other 
infections of protozoan origin in man. 

There is not time, nor is this the place, to go into the histories of the 
individual cases, except by way of illustration of the various bacterial 
diseases which we have treated. In connection with Dr. Zinsser I have 
lately published the results obtained in the treatment of a number of 
meningitis patients, and in a small number of patients suffering from 
lobar pneumonia and pneumococcus infections, and to these articles | 
must refer anv one interested for details.* 

Veningococcus Cases. It may be of interest to state, however, that 
fifteen of the meningitis patients treated by us were under fifteen years 
of age; of these, three died, leaving 80 per cent. of recoveries with no 
sequelae. Of the patients over fifteen years, there were seven, five of 
whom died. This result mav have been due to the fact that several of 


these adult patients were in ertremis when admitted to the hospital. In 


spite of this, under treatment some of the patients showed a marked im- 


Jour. Med. Research, 1908, xiv, 
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provement and 1 not dik wel : ! seven ely 
( ven, and twen vi ivVs alts ‘ nt was begun () 
\V » were treated ut W i. ! : Vived seven nil iVs 
sixty-two days, and one, a ba seven nths, twelve Ss. alte 
treatment was instituted 

| seems also ol nterest to note tlhe fact that nh st nh cases 
\ ch treatment Was begun suds 7 f/ to the seventh da Fi sens 
there was 100 per cent. of recoveries without sequela ‘Treatment was 





not begun in these cases until the elapse of seventeen, twenty, forty-seven, 


forty-one, fifty-three, thirty-nine, and eighty-two days alter the : 
symptoms developed, and a reference to the histories would show that 

| these patients were, as a rule, in grave condition. 
Almost without exception there was an improvement in those symp 
toms which, in this disease, depend largely on the central nervous svs 


tem. Vomiting, delirium, stupor and hyperesthesia were usually dim 
ished or entirely allayed after one or two administrations of quantities 
ranging from 5 to 20 c.c. 

Marked reduction in the temperature following injections was no 


ticeable in many of the cases. In some of these cases, however, 





diminution of the fever was a temporary phenomenon, limited to tl 
twenty-four or forty-eight hours immediately following the injection, a 
fact which also argues strongly for the idea of poison neutralization. 
The actual percentage of recoveries among these patients was about 
64 per cent. If 70 to 75 per cent. be accepted as the usual death rate, 


and the basis for determining the value of the serum treatment of men 


ingitis, then the fact that 64 per cent. of our patients recovered woul 


seem to indicate some curative value in the extract. And this is true. 
1] 


t also indicates that if the antimeningitis serums are rea toxin-neu 


tralizing, or contain the same antibodies as the leucocyte extract, then 


these sera should be efficavious when administered subcutaneously, whi 
is not the fact. I am inelined to believe that a combination of these 
treatments, Immune serum given subdura and teucocyte extract su 
cutaneous might lead to more ora : s than the use of ¢ 
separate 


Pneumococcus Infections In considering the effect of | ocvtTe «¢ 


tract on the course of uncomplicated lobar pneumonia it Ss Imposs 

in view of the small number of cases, to arrive at a definite opinion 

Not more than twelve or fifteen patients have been svstemat i treated 

and of these one has died. This might be true of anv series o 3A 

numbet However. the uniformity with which temperature changes at 
) toxie svmptoms \ viministration mo it 
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[his case is interesting primal! ecause the ap} nt shal 
and rapid response i the temperat e to the nyections ol ‘ ( ( ‘ 
extract. The occurrence of the crisis on the third dav of the disease is a 
] ++t5 ; ; ; + 
phenomenon sulhcient rare to encourage the opinion that it ma ive 
been at least in part due to the ection 

Suc ecurrences as thes eke vy the conelusive evidence { 
animal experiments. would certai seem to warral in extend nad 
eareltul st vy of the influence of this agent on pneumoco s infections 
n man and make us hopeful that mar in otherwise fat ness n 

) ; } y } lay fl) } , ty t 
ecome comparatively benign und: nfluenc his hope is strength- 
ened by evidences ithered from the study « nfections ‘ » t strey 
{ ( :. so closelv related to the pneumoco: sim mal ways 


treated about fift cases erysipetas sn ) | ~ is 18 
leal infection to study, for the chief lesion is in iil ew, al esides 
there 1s a marked temperature reactiol e intectio1 It . 
disease Is not very fatal, but in ¢ lren ul r one vé 1 
talit s, I understand, very hig \\ e the stol tt ses 
shor ve published in deta Dr. Lambert is ! rawn : 
( sions nie The ve s follows 

Leucoevte extract will abort infections i re treated within the first fort 


eight hours 


It will ameliorate the course of older infections and may abruptly terminate 


them: the longer the infection has existed, the less likely is the tter to tal 
place, but it tends to shorten the course of tie disease 

The toxic symptoms, delirium, headache, nausea and vomiting, are modified 
ind relieved; local pain is lessened 

The rash does not disappear immediately, but is ipt to be localized 

The spreading intractable lesions of the back and body are apparently af 





ted as readilv as those occurring on the face and head 








Pus iormation is aborted, and sequel# are rare, if they oceur at all 

About 50 per cent. of babies under one vear of age have recovered from t 
ervsipelas 

The effect of leucocyte extract on ervsipelas strongly suggests 
n the str eoecUus niections complicating the exanthematl in 0 
course, in streptococcus infections in general. Manv of the dangerous 
sequele of these diseases might be a ded ts ust 

S hylococcus Infections. Wocal acute and ¢ nic s 
nfections respond almost mmeé it to treatment vit the ¢ 
ind furunculosis of intractable type is halted and apparently cured. D 
Zinsser has treated eleven patients who had staphvlococeus infection. Ih 
thes reatment was }b n. surgica ! erence : : ! 
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necessary. The Lol wing history illustrates the respons of chron 


furunculosis to the treatment. 


Case 4.—G. P., assistant carpenter, St. Luke’s Hospital, 22 years old, Swede 


athlete, general health excellent, for three years had been troubled with persistent 
pimples on the face For the four months preceding examination he had had 
boils on the neck and behind the ears, a new one developing every other day. 


For the last few weeks boils had appeared on both legs and in the left axilla 


For the last two weeks the patient had never gone two days without the develop 
ment of a new furuncle rhese had been growing steadily more severe, and dur 
ing the last week he had developed a very painful furuncle with extensive indura 
tion within the external meatus of the right ear. On examination he was found 
to have at least fifteen to twenty boils on the back of the neck and behind the 


ears Staph ococeus pyogenes aureus was cultivated from the boils. 


October 7 ren ¢.c. of leucocyte extract injected. 

October 8 No new boils appearing and old ones improved. 

October 10 ren ¢.c. leucocyte extract injected. No new boils appear 
October 11 Ten e.c. given prophylactically. 


No new development of furuncles until November 28, when a small pimple ay 
peared on the back of the neck, which was quite angry and painful, and 10 cx 
of leucocyte extract was injected 

December | No new boils had developed. The patient appeared entirely 
vell, and has so remained till the present time 


(As an illustration of the effect of leucocevte extract on an acute and 


severe infection, not well adapted to surgical interference, the following 


case may be cited: 


CASE 5 Three weeks before present illness the patient, a woman, developed 
an acute dacryocystitis There were several attacks of this condition following 
the introduction of a probe There appeared to be a stricture in the nasal duct 
Staphylococcus pyogenes aureus was at this time isolated from the inflamed area 
in the lachrymal duct and from the nose Following an attempt to correct the 
stricture on Jan. 12, 1909, infection from the nose traveled up through the nasal 
luct into the orbit The patient’s temperature rose to 103.4 F. and a rapidly 
preading acute intlammation developed in the orbit, from the pus of which 
Staphylococcus pyogenes aureus was recovered in pure culture. There was marked 
exophthalmos, complete immobility and protrusion of the eyeball. It was the 


opinion of the attending physician that the tissues behind the eve were edematous 
ind that the orbit probably contained pus 

January 13 len c.c. of lencoevte extract injected Temperature dropped to 
100.2 on the folowing day, but rose again to 101.8 in afternoon. On January 14, 


two injections of 10 ¢.c, of leucocyte extract 


January 15 lemperature dropped to 99.8 Marked improvement in general 
condition and in .ocal lesion. During the night of January 15, temperature again 
rose to 100.8, but dropped on January 16 to 99 Ten c.c. of leucocyte extract in 
ected lemperature did not go above 100.2, on following morning being 9.4 


General improvement progressed, and there was marked clearing up of local 


lesions Rapid and uneventful convalescence 
J me wW not permit me to call attention to w rk in other infee- 
n Indes n the case of most of these the data are 0 scant 

\ in ‘ pression of anv definite opinions 
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In conclusion, then, le 


I the vast 
done before the val 


mined and the crude weapons, new 1 
and more skilfully handled. 
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IN CONJUNCTION WITH THE AGGLU- 
TINATION TEST IN TYPHOID* 
R 


ANDOLPH LYONS, M.D. 
NEW ORLEANS 


y y } | ) 
ist lew Vears great advances have been made 1n the eariy 
| fever by the isolation of the bacillus through 
ire methods Though these methods facilitate the 
T s, a well-equipped laboratory and a knowledge of 
P —— — 
I e essen j | ( re hn countil qaistricts wie 
‘ labor ito Tile pract mer S ob] rec To depend 
ition test as an ald In diagnosis 
S measure, the agg nation test Is now generally con 
ible. especia n the early davs of the disease, being 
; , 
sitive befor he et! of the first week and n 
im until the third and fourth weeks. Thus out of 
Charitv Hospital of suspected tvphoid, from which a 
is isolated, but 53.5 per cent. gave a positive Widal!l 
ch the percentage of positive blood cultures was 85.7 
st be mentioned. however. that 3 of the cases were para- 
ms, which necessarily explains some of the negative tv- 
; ; hardl, { » ; 1] 
ition tests It is hardly air to state on so sma a series 
e percentage of paratyphoid infections in New Orleans 
as 7.1 per cent. Four per cent., however, mav be take 
e estimate In view of this it would seem that we might 
t per cent. of our Widal reactions to be negative, unless 
ests were performed with paratvphoid strains of both 
B) Here, again, we meet with the same objection as 
Widal test: namely, that paratvphoids are seldom positive 
s of the disease. 
method par ercellence for the earlv diagnosis of tv- 
e blood culture. Now. m aht it not be of the createst 
n blood is sent into a laboratory for the Widal test and 


thers ha 
| blooe 


Beitrag 


ischr., 196 


e cultures from this material with a view of iso 


} ] 


ve shown that the typhoid bacillus could be 


} 


1. His clot culture method, however, is rarely 


Clinical Medicine, Medical Department of Tulane 


zur Ziichtung von Typhusbacillen aus dem Blut 
%, lili, 1053 
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mentioned and seldom, as far as I have been able to ascertain, used 


r 


this country. This method has, in my limited experience with it, prov 
extremely valuable in combination with the Widal test. 

Miiller and Graf? in 1906 obtained the Bacillus typhosus from tl 
blood in 110 out of 360 cases. During this same vear Fornet isolats 
the bacillus in 14 out of 19 typhoid cases. In 1907 Kurpjuweit, emplo 
ing Miiller and Graf’s method, obtained positive results in but 12 out 
of 100 cases. All these investigators used the blood clot from the Wida 
tubes which had been sent into their laboratories for the agglutination 
reaction. 

It is, of course, essential for the performance of clot cultures tha 
the blood be sent in Widal pipettes, and not in the dried state. It occa- 
sionally happens that a physician may have no Widal pipette with him 


is thus unable to col- 


nor any glass tubing convenient to make one anc 
lect the patient’s blood. I have devised a simple means of making a 
Widal tube, which, under such circumstances, will be found extreme! 
useful: An ordinary hypodermic tablet vial is heated at one end over a 
flame (an alcohol lamp serves the purpose excellently) and, when soft. 
the end is drawn out into a capillary tube with forceps. The capillary 
extremity, after cooling, is then held and the same procedure repeated 
for the other end of the vial. Such a pipette, when filled with blood 
may be sent any distance with impunity, provided both capillary ends 
are thoroughly sealed over the flame. 

In a paper* read before the New Orleans Parish Medical Society i) 
January, 1909, | reported four positive results out of six typhoid cases 
with Fornet’s method and thought that the method might prove of di: 
tinct value in conjunction with the Widal test. Fornet’s method was 
chosen in preference to that of Miiller and Griif because it is simple and 
offers many advantages over the latter. Miiller and Grif used the serum 
from the Widal tubes sent into their laboratory for the agglutination 
test, then removed the clot, which remained in the tubes. and rubbed it 
over the surface of Conradi Drigalski plates. Fornet, on the other hand 
planted the clot in bile. 

There are many objections to the plate method as used by Miiller 


and Grif: 1. The bacilli may not be released from the specific aggh 
tinins as in the case where the bile medium is emploved. 2. As the « 

2. Miiller and Griif: Nachweis von Typhusbakterien in eingesandten Blut 
proben. Miinchen. med. Wehnschr., 1906, liii, 69. 

3. Kurpjuweit, O.: Ueber den Nachweis von Typhusbacillen in Blutget 
innseln Arb. a. d. k. Gsndhtsamte, 1907, xxv, 229 

4. Lyons: Comparative study of the blood culture and agglutination test ir 


typhoid New Orleans Med. and Surg. Jour., April, 1909, xli 
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is simply rubbed over the medium, there is only a chance for the bacilli 
on the external surface of the coagulum to be transplanted, whereas in 
the bile culture the clot is dissolved. 5. Many of the bacilli transferred 
to the plates may not grow; therefore, unless they are numerous, the 
method leads to an erroneous result. t. The typhoid colonies® in the 
plate method, if few, may be overlooked or overgrown by saprophytes 
In Fornet’s method the clot from the Widal tube, after the serum has 
heen removed for the agglutination test, is planted in 5 c.c. of sterilized 


ox-bile and the mixture incubated at 37 C. <A transfer to agar slants or 


blood sé rum mav be made after twelve hours. The occurrence rf con- 


taminations is, fortunately, rare, but, should they oceur, a pure culture 
may be procured by plating or by a method I have employed of taking 
i loopful of the water of condensation from the contaminated agar slant 
and inoculating a fresh bile tube. After incubating again a pure cul- 
ture will usually be obtained. 

The tests were made with a view to estimating their combined valu 
as a diagnostic measure and were performed in the following manner: 
On all suspicious febrile cases admitted to Prof. George Dock’s wards 


a Widal was made and the clot planted in 5 c.c. of sterilized ox-gall: as 
a control a blood culture was taken at the same time. The total number 


of cases examined was 20; two of them were paratyphoid infections: 


Tarie | Wipat Reactiox, BLoop AND CLoT CULTURE IN TWENTY CASES 
Widal 
Case Week Reaction Clot ¢ ture Blood Culture 
] 2nd + + 
2 4th + + + 
3 srd + + + 
+ 2nd + + + 
> rd - > 
| Paratyphoid ih 2nd + - 
Paratyphoid). 7 Ist + = 
8 2nd - one 
9 Ist - _ 
10 2nd + 
ll 3rd + - 
12 3rd + - 
13 ord + _ 
14 3rd - — 
15 ord . a 
16 2nd i 
17 2nd T 
Is Ist t rd 
BU on 7 
20 ra T 
otal 2) 10 (60% ) pos 12 (60%) pos IS (90% ) pos 
5. Peabod Francis W The bacteriologic diagnosis of typhoid fever Jour. 


Am. Med. Assn., 1908, li, 979 
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From Table I It Wi we noted that 1n onlv wo of t 
Widal reaction and clot culture positive at the same time In Case 6 
a positive paratyphoid agviutination test was not obtained unt twel 
days later, though the blood was tested a number of times against v: 


ous strains. Case 7 gave a positive paratvphoid aggiutination test tel 


davs after its isolation from the clot. Both paratvphoids were isolate 
from the blood-clot. But three of these cases failed to vive a dlagnostis 
with both tests. 


raABLe II1.—CoOMPARATIVE VALUE OF THE WIDAL AND CLOT-CULTURE METHODS 





{ te It 1 « 
No. of Widal Positive Positive Positive 
Case Week N N XN 
lst 0 loo L100 
S 2nd , 36.0 ) 62.5 s low 
s 3rd 6 79 37.5 6 75 
l 4th and on l lou | 100 | low 
?0 10 50 9Q 60 1S ow 





reactions and but 60 per cent. of the clot cultures were positive: if t 
results of the two, as shown by Table 1, are combined. however. the ps 
centage O01 positive results is raised to 85. whi ilmost equals the per- 
centage positive blood cultures, It is a strik ng tact that the « ( 
ture is most often positive ear n the disease, while just the oppos 
true of t Widal test: hence the probability of making a diagnosis at aq 
Stage ol the disease s greathv enhance ) the con nation I t 
met - 
CONCLUSIONS 

1. Practitioners should be encouraged when sending blood to a 
laboratory for the Widal test to send it in the fluid state.® 

2. In conjunction with the agglutination test the clot s 
removed from the Widal tube and cultured in bile. even thougl t 
Widal reaction be positive, for the recovery of the organisn = fina 
while a Widal may exceptionally be positive in other conditions.* 


6. Attention should be called to the fact that. according to Section 495. Posta 


Laws and Regulations, liquid cultures, or cultures of micro-organisms 


that are fluid at ordinary temperatures, can not be sent through the United States 
mails, and that pathologic specimens in the solid state may be mailed on t 
United States, state 
lished in the Journal of the American Medical Association, 1909, lii, 791 

7. Backer, Wilhelm. and Ruhland, George ¢ vphoi ig tinati 


action in a ease of epidemic cerebrospinal meningitis Tour \ Mi \s 


xv municipal laboratories The postoffice rules were 


1909, lii, 13 
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The need of some mip! 
gastric functions is evident wl 
nt methods For instance, 
test breakfast we aspirate an 
mposs le to sa whether I 
gastric Juice, to Impa red m 
I oduce wit the test mea 
vas not affected by gastric f 


ng Ww ( would mix tho 
mating the amount left at t 
mw much of the test meal 
istric motility, and how n 


est meal, how much of the gastric juic 
Sa proposed the following meal. b: 
An ! uls no lat Ss prepare | Ons 
ighly mixed with 15 grams o itt 0 
( \\ ) ed two minutes ‘| > ran 
‘ soup Of this 300 ex ire g ! 
ra tat det rmination \ r on 
rated as complete is possible \s S 
total contents, the residue ~ Li¢ i] ted Ww 
\ cle nite anv nt o < 
< ‘ mine 
ents 1 \\ ‘ G mn aspirated el 
ontents are ul l res 1 
! Le esiduc ele 
‘ r i) , 
300 b 
( i 
1 ) 
\ ng this amount t quant 
TO, e total stomach contents a t 
l. Sahli Klinische Untersuchungs Methoden 
». Matthieu Arch. f. Verdauungskr., 1896, i 
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VODIFICATION OF SAHLI TEST MEAL 


erminations are then made to ascertain how much fat the 
ned and how much remained in the stomach at the time 
Sal uses Gerber’s acido-butvrometer. emploved in 


tzerland, in which the emulsion of fat is broken up 


hy 
DV 


acid and amyl alcohol, centrifugalized, and the fat per 
pirically graduated. If we give 
ams of fat contained in 300 ¢.c. of soup and find only 3 

e stomach after one hour, then this would correspond to 


ind if we aspirated 200 e¢.c. of stomach contents and 


s test meal then the other 100 ec. nust be gastric ji ce, 
y\ tims } 
otal amount of stomach contents and F = per cent. of fat in orig- 
per cent. of fat in aspirated contents. Let 7M —test meal 
rice Then 7M or the amount of the test meal contained in 
To 
ts and of course GJ or the gastrie juice — TO—TM 


it pal I e stoma contents is test meal and 
< pulice Phe if I these 7 ' TO ene oTrner we 


n an ordinary test meal what we titrate is the acidity 


tel gastric juice, but of gastric juice diluted by more 
luid contained in the given test meal. If, however, we 
the mixture and how much of the mixture is cvastri 

isv to caleulate that by the following equation: 


iditv of the aspirated stomach contents (determined by usual 


i ilenlated acidity of the undiluted gastric juice and TO = 
stomach at the time of aspiration and GJ =z amount of gastri 
ents, then 
ime 70 

Gd 
~ ’ ~ ‘ =e! ‘ elation ‘ 
aol F is if the stoma to the total amount 

\l mw TM 

hw) 
: ! tra nvolved is the prepara n of 
in l terminations, thre eal ulations, yy course, 
nple. Objections to the nethod soon appeared. however. 
d that the preparation of the meal was difficult, that the 


} 
‘ 1 large amount of fat in a meal inhibited gastric secre- 
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tion. and. most essential. that the emulsion Vc ‘+ stable al d 3 
nix evenly with the gas ( } é | < at yer on ; . pe 
the whole procedure, wh = base m the tie that t il ins 
evenliv ad ff ised throug out the whole st mach contents lo t e 1 
; " y } * xt y ] 17 + . 4 , teat 
nstance given above, We supposed a SOUP ceontainin » grams at ) 
the 100 c.c. If in the stomach the fat should rise to the top and remain 
¢ nad W f he fl masses Throug 1 Ss, 1t W seen T 
} + 
ou oniv means ort dae ng ow ( ) The ¢ oina e- 2 ik 
n the stoma s gon 
\ {te king s e wit i ' vas { Te ae 
ections Wel just gd. and a seare! vas made tora sin nd more 
Stabile e! s1on \t ( mar 1! ess Tel ts if t nes i 
satistact = stance is touns n condenses Tf \\ lé 
Tse wo ( T nes add = e cas ( te ! e Tes 
! } ' 
“9 s riyt Y) tion ; nal t + ‘ ‘ ec 
ng Tr e coag il 1 i exceed nal ne ! | ry ns | ? e 
scopica the it glo S <t as fil S resl) 1 ! st as 
ven vided 
() the cifferen ) = tested. that ] wn se “(ar ] 
‘ <t satistactol ma i= sai int ng 
TABLE | RESULTS IN NorMAtL | VIDUALS 
2 = - t 5 = |<, 
tia = e ps = Diag 
7 SBS. -la8 % = = z 
Seas =< = — = 
< Sete etc bs - = 
< a o> eS) = - 
1 28 2 9:)} 16 1) 07 0 61 “4 1 
1 285 2 1.5 150 137 091 0.5 t orma 
1} 236) 2 11 142 1l¢ 82. 0.52 6s orma 
1 200 1.9:16 105 ¢ 0.9 0.65 { mal 
1) 238 1.7 135 K 0 Fé ( 5 ‘ or 
2 184 2.8:1.6 16 8 7 07 § eura-thenia On 0 f 
ere giv 
& O:14 42.5 42.5 1. f ( ‘ the i 
\ For making f it determinations e Babcock is - 
ed L silla n en bugs welmnyYg ~¢ suk is Is § ( « 
termination of butter fat In m and creat 1 dairy purposes Phe 
} f nde} ] +7 tod ; 
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ie residue and again aspirated. A titration of the stomach 


) l 
tra wi1dit 
i val 
rr , 
The eal 
; 
ween 


Dent med 


ilated aciditv, however, was verv much mor 
120 and 150 (oceasiona a lit wer), a 
In other words, the acidit ot the gastr 

he glands is remarkably constant, mu 
\W ( we obtain from titrating est mea 
whl vas st demonstrated Pa yoon 
Bir { nm tw patients with Gas =t 

vas constant etween 110 ar 140. on 
ng a tower acid due to n t ito! 
ilso verified the results of Pav 

that it varied considerably according 

if patient, et By the presen met 

the total amount secreted during the whol 
the amount In the stomach at e TW 0 
found, normally bears a constant relation to 
the stomage it that time, as indicated by t 

Gd 
0.7 to 1 
TM 
Wehnsehr., 1906, xxxii, 323; 1907, xxxiti, 1201 
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200 C.c. 


ther of the diluted residue, a fat determination of the 
nd one of the aspirated contents are all that are neces- 
final « ileula on. Blood, lactic acid, etc.. are teste 1 for as 
— 
i ! i! ne mies Give results obtained b I s method 
nd ials, then, the total amount in the stomach afte) 
es considerably. viz.: from 85 e.c. to almost 300, de- 
~ nn mal ndi d i} Variations Second the rela 
nt of milk and the amount of gastric juice, which 
1? | | - | - 
) quotien varies norma etween 0.7 and 1 even 
] | at liToar t} \ } . liffer + 3 1; 
! at different times, w e between different indi- 
iria = no greater. 7] |. the motility, or the relation 
amount of milk that has passed the pylorus to the amount 


ed between 40 and 


inl 10 ner cent. 


VEAL 
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retained for a fat determination and 300 
fifty minutes the contents are aspirated as 


water poured down the tube, thoroughly 





If a less amount passes the pylorus 
creater amount, hypermotilitv. Fourth, th 
are, of course, those known from the Ewald 


76. a variation from the me: 
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When the two do not bear this relation, the condition is patholo 
f the relation of gastric juice to test meal is greater than 1 we | 






hypersecretion; if less than 0.7, we have hyposecretion. Of course, 


we remove the test meal earlier, we find a condition of hyposecretion 
i. e., a lower proportion of gastric juice. For instance, removing test 
meal in thirty minutes, 321 ¢.c. remained in the stomach; of this quan 
titv, only 85 ec.c. were gastri ju ce, the remainder being test mea i 
secretory quotient of 0.36 This was, of course, normal for a t t 
minute period, but would have been pathologie for a fift minute pel 
So mu for the normal figures. There are theoretically six possibl 
iniations | ere may be Vpersecretion, ¢ h posecret I a ] t 
r hvpomotilitv. hvperacidity or hvpoa { or combinations of 
tnese. 
| ( rolliowing ta istrates l nes nm some i ( ~ | 
. illed peracialty 
TABLE 2.—HYPERSECRETION 
Nor secTeltol q nt 0 ries hetween 0.75 and livperseecre 
resent he © is more than 
4 aig~ Diagne rk 
~ if = z> = 
4 15¢ l oes SS 1 i 2 28 Ne he i Test meal c« of 1 
acl f cor ed m and 
wih 
8 195) 2.8:1 7 25 1.8 0.7264 10 Neura B.| Be meal ¢ fof 125 «. 
eacl f en-ed i 
water 
6 434 2.8:9 15 ze 21 0.39 82, 121 Benign 1 r t men ‘ ted of 1 
em each of ¢ ler i milk and 
wate 
6 206 28:39 5 01 l 6& tt Ber I c Test al cor ted of 125 
eaca of 1 milk and 
wate 
f 1 ( 224 448 is If Benign J r Test meal t f 125 « 
‘ eact i ce it 1 t 4 
vater 
(ase 6 Was a bDenIgn stenosis l e | : ten ( . ! 
| ( stomach Was tli 1g! ell ec Tt ( ( Tes " \ e ! 
(and with some practi this can be aone so it at the most o1 me 
t 0 c.e. are left) rift minutes ite the amount remove was 496 
Ordinarily we would have no certain means of ki ’ alfa, 
1 = ePYCeSS ‘ amount Was cue To mpa red mot lit ! } pers¢ | 1 
stl rue s either ould pro ( <s result Wi nd o7 ! 
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major portion of the 


+ 


me 
markedly impaired, viz.: 0.39. In the second, after two weeks of gastric 
lavage, motility had improved somewhat, but did not remain perma- 
nently so till after a gastroenterostomy had been done. The titrated 
acidity in one estimate was 82, showing an apparent hyperacidity, but 
the caleulated acidity of the pure gastric juice was 121, well within the 
normal limits. The functional] diagnosis reads, then, hypersecretion and 
mpaired motility, the characteristic findings of benign stenosis. 

In Case 4 the total amount in the stomach was 156 c.c., but the rela- 
tion of gastric juice to test meal in that was higher than normal, viz.: 
1.3, instead of 1, a hypersecretion, in other words. The titrated acidity 
vas 72, slightly above normal, but the caleulated acidity was onlv 128. 
Therefore, the stomach was pouring out a larger amount of secretion 
than normal, but with normal acidity. Motility was normal. 

Diagnosis: Simple hypersecretion with good motility, a neurosis, as 
the course showed. 

lo illustrate the value of this method in distinguishing between 

wrsecretion and impaired motility, we may compare Tables 2 and 3. 

PaABLE 3.—HYPOMOTILITY 

Normal motilitv varies between 05 and OS Hypomotility is present when 
less than 0.5 of meal passes pylorus 
| 3 E5y | i 2% 

e Su z=e° - = Diagno-i- 

S| 2§ ea5i| 5 > = 

7. ane =e - = = =" 

$1) $3 e~ ‘si => = & o” 6 

© os ‘@=csl F = - == 

o| = oes! @ = » 1G? 

27 i 29:14 on 2.2) 108 0.16 58 112) Atony 

a i o6sh itd 176 1.07 O34 62 112 (tony. 

2 if 2.7:1 1K 164 1.07 0.4 i 116)0=— Atony 

28 as | 2.5:1.4 144 1i4 0.78 0.42 a) 126 Stone in common duct. 

on S6 > 6:11 16¢ 223 1.4 0 36 i 146 «Stone in common duct. 

9 Ls) 1.9:1.1 137 128 0.72 0.4 4 &2 Atrophic cirrhosis of 
liver 

ut 441 O:1¢ 235 206) 08s 0.22 i 149 Benign pyloric obstruc 
tion 

rhe cases in Table 3 all show impaired motilitv of the first degree 
! it is, the stomach emptied itself over night. In Case 27, for 


ere, 
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s the normal proportion present. 





however, that, 
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while the motility is somewhat impaired, yet the 


excess is due to hypersecretion, there being 2:1 


In the first test the motility was 
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nstance, ali three tests Gave la ge amounts oO s ich contents ire 
S70 to 436 e.c.. Mu hevond the norma The sa juestion arises 5 
to whether this is e to impaired motility or versecretion. 7] 
results show, however, that the aspirated contents consisted of ab 
equal parts of gastri ce and test meal; that is, the secretory quotient 
was about 1: and, therefore, that the increased contents must be due to 
naired motility. and this the figures show, the motility varving ir 
1.16 to 0.4, considerably below normal! he same points are illustrat 
: Cases 28, 29 and 30, in al whi npaired tility without per- 
secretion is found As fi is the abilit s meal as test of 
mot Iunction is concernet | mav sa it ina ases In W ( 
Riew ot "he il s mpa red mot + ; < ‘ ] 7 eat ] ; 
1isO, and nh sone cases f apparent slight mpa men is n - 
on t proved pos e where the Riegel meal was negative, so i 
: invthing, a more ate indicator of motilit 
( see of mpa rec t t\ ( nniy t S ; inges 
ta ited under the latte eadings 
The thir poss e pathology imiation 1s pera i f ! 
ecentl\ ised Te ndicate i { those col! t sin WwW ( the trat 
eiditvy was above a certain aximum, about 70 Rubow,* m t 
et 1] cons eri ms ( mn ed ere s no sii Corl I - 
. ( i the cases | : i | era t eing due simp to ‘ 
secret Nn L JUICE a i | the norma stomac nte! 
= Te = toc ? ae ete ee ; ; ' 
gastric JUICE I ma (sa 120). then the ture vy 
. widit , ao . + +34 7 ) ] o a the itter . ] 
meal and three-« ers gastric ] eo e same acidity (120) 
the n ire woul ive an a t 90 on titration, an apparer 
Sf een report i 1d 150 ( np mit 
ndiluted gastric j R : an i " eras ae 
cist, As stated above, Bickel also found the gast e in 
some cases pera t e sin ersecretiol t , 
© alreas stater g \ 1 t rl ] g ~ ‘ sing 9 
. cation the S ( I have hee ( ns ‘ l 
i oie ease ben, nore ‘ } nehewe : ss 
( ne ea een lt : ’ ; = \ 
test meal g cures 2 100. res 
= : " : 
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present when acidity is less than 100 
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the emulsion had possibly heen de- 
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] ] hay 
more evidence will nave to 








Diagn Remarks 
Mo OChre gastrit Mucu 
9) Chr ¢ gastrit 2M) oC equal part con 
densed milk and water 
given as test eal 
68 Chronic gastrit Mucu + 
hy) (my ‘ 
41 Th. ulee fd 
denum 
15 Simple achylia 
ga-trica 
7 Simple achylia Removed in minut 
gastric 
1 Simy ach 1 Reme Lis 
ea-trica 
ll Simy ichylia Re ved in 3 
ga-trica 
22 Simp ach t 
ga-tr ‘ 
2 «Si l ichylia 
ga-tr t 
60 Carcinoma ; a 
oru 
0 Care noma of 
re ature 
15 Care " 
16 Carcinoma of fan 
~ ( esenrer n | ( t 
, 
mean al no itte what the titra 
1°) 
acid 0 e undiluted gastric juice 
} 
rman s secretin 1 more watel Tl 
} 1 
Ist ‘| ‘ eonsisten n if eas T 
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vastrica, it Was [ound that on titration the acidit Varied betwee! 

S (It Was olten necessal to aspirate in thirt minutes on account of 1 
Vpermotity), and that the amount of gastri juice secreted Was ger 

erally normal, but the calculated acidity 26 or less. In other words. t 


gastric mucosa In some cases secretes almost pure wate! 


This seemed to indicate an error in the method, as both Mart :" 


and Einhorn® define achylia as a condition in which there is entire ab- 
sence Ol gastric secretion \ review of the literature, however, shows 
that the same condition has been found before not only in achylia, but in 


other conditions. It has been shown experimentally that the secretion 
f water, or hydrochloric acid, and of pepsin are three quite distinct 
functions of the gastric glands. Schiff’ showed that in pathologic con- 


ditions there need be no parallelism between the variations of pepsin 


ind hydrochloric acid; that by injecting pilocarpin the water could be 
nereased, while acid diminished and pepsin remained constant 
Schnever® found that bv stimulating the vagus of a fasting dog 3 to 15 
cc. of gastric juice flowed out, but without hvdrochloric acid or pepsin. 
while if the animal had been fed within twenty-four hours both hvyd1 

chlorie acid and pepsin were present. Roth and Strauss® showed that 
not only were hydrochloric acid and pepsin secretions distinct functions, 
but that water secretion was due to two distinct causes: (1) to osmotic 
phenomena in which the gastric mucosa acts as an animal membrane, 
and (2) to the specific activity of the gastric glands producing a “‘dilut 
ng” secretion often in defiance of the laws of osmotic pressure: and, 
furthermore, that in achvlia gastrica, even when hydrochloric acid and 
pepsin secretions have ceased, this diluting fluid is still poured out 
This is the condition indicated in Table 4. Hydrochloric acid was 


almost entirely absent, pepsin (not represented in the table) great 





while practically water alone was secreted. It will be noted 


that the quantity of water in most cases was practically normal; i. e., the 


secretory quotient was above 0.75. 
In the case of chronic gastritis given here, the same condition was 


found, but to a less extent: 1. e., the caleulated acidity was higher (hbe- 


tween 54 and 90), but still below normal. That this, too, is the usual 
condition in gastritis is shown by the work of Bickel"’® on dogs wit 

5. Martius Achylia Gastrica. Ihre Ursache und Thre Folgen. Reprint, 1897 
p. 4 

é. Einhorn Arch. f. Verdauungskr., 1896. i, 454 

7. Schiff: Arch, f. Verdauungskr., 1900, vi, 107 

8. Schnever Ztschr. f. klin. med., 1897, xxxii, 13 


9 Roth ana Strauss Ztschr. f. klin. Med., 1899, xxxvii, 144 
10. Ricke Arch. f. klin. Med., 1906, Ixxxix, 34 
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Pawlow fistulas. Here, too, after irritation of the mucosa by local ap- 
plications of alcoho! and silver nitrate solutions, the amount of gastric 
secretion was found to be normal, but the hydrochloric acid content 
diminished. 
TABLE 5.—HYPOSECRETION 
Normal secretory quotient (Q) varies between 0.75 and 1 Hy posecretion is 


present when Q is less than 0.75 





| So 2 »§ = > 
= z=: — oe = » = 
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< <i Cae | FEE: 2 ie z Diagno-i-. Remark.-. 
Ss isi te zis = >'F = 
zea =e i s23 z\le =is = 
. |* 8) Sa = 2S“2it../ Sle 8 
F\iesis 2 sitSi Zig & 
o=| as - et ssjt -i= 2 
cat et =- ~ 5 one > zie =: 
S 102) 3.0:2.1 71 31 460.440.7628 92 ? 2 c.c. equal part- conden-- 
ed milk and water given 
. 100 3.3:2.5 76 24 «(0.31 28 112 j 
rT) 1399 34:26 107 32 0.3 0.6534140 Pernicious ane 
mia. 
it) 189) 3.1:2.4 14 43 (0.3 0.51/30132 Pernicious ane 
mia. 
10 1) 3.2:2:8 11 19 (0.140.5620158 Pernicious ane 
mia. 
0 210} 2.2:1.6 153 57 10.370 49'44 162 Pernicious ane 
mia. 
i! 132} 21:16 100 32 0.320.6724 9 Pernicious ane- 
mia. 
83 112 2.0:1 6 go 2 (0.240.7 30153 Connective tissue 
infiltration of 
wall.‘ oldulcer) 
13 75) 1.9:1.6 63 122 02 07! %? =? Carcinoma of fun- Large amount of lactic 
us. ac d 
“4 235; 2.8:2.1 197 58 03 0.536 26 Pernicious ane 
mia 
15 228; 2.1:1.6 173 550 0.310.4238157 Pernicious ane- Removed in 35 minute- 
mia. 
I5a | 152 ? 119 33) «6.0.28. 0.52,29 133 Carcinoma 


A third condition in which the calculated acidity was sulnormal was 
carcinoma. Here, however, the total amount of secretion was lowered: 
i. e., the secretory quotient was small. Now, according to Schiff.’ the 


1 


order in which the different functions are affected and disappear is: 
first, the hydrochloric acid secretion; second, the pepsin secretion; third. 
the diluting secretion. When only the first two are affected, as in 
achvlia simplex, it is possible that there is only a functional disturbance 
of the mucosa, but when the diluting secretion is diminished we may be 
certain that a real atrophy of the mucosa is present and that the amount 
of the diminution measures the amount of atrophy. For example, in 
an instance of carcinoma of the pylorus (Case 23) the calculated acid- 


ty was 60 and the secretory quotient 0.87. In Case 24. a diffuse carci- 


noma of the lesser curvature (in which an exploratory laparotomy was 
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Evidently the difference was due 


The motility in these cases follows 


and impaired in others, according 


In Table 5 is shown the series ¢ 


secreted was uniformly below nor 


1] 


normal, the so-called hy posec retion. 
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Taking the cases of pernicious 


secretion was the factor most affected 


between 0.14 and 0.3 


for the low titrated a 


a sharp contrast to the conditions 


Another cause for a low titrat 


which occurs in chronic gastritis and 


done), the calculated aciditv was 


with norma 


ditv which we fir 


two conditions have, as we have seen, 


functionally, though in both the: 
accept the above-mentioned assert 


of the mucosa to suffer is the sec! 


ms ¢ 
} ) 
{ n 


is here diminished in contradistinctio 


achvlia, would suggest the conc 


(atrophy) is more advanced than 


the blood serum was such as to d 


ency for which I can not account is 
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is contrary to what one m 


tion is the first to suffer. That th 


severe cases is shown bv the figur 


marked cord changes. Here not on 


ished, but the quality Impaired ; 


the atrophy was far advanced, as pathol 
Patient 12 complained of pain, 
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VODIFICATION OF SAHLI TEST MEAL 





The above are some of the more interesting considerations suggested 


by a study of the results obtained by this method. That they have a 
solid basis is shown by their experimental verification. 

The method does, however, fail occasionally, probably for the reason 
that the emulsion is destroyed. Failure is particularly liable to occur 


under the following circumstances: 

1. In cases in which there is low acidity and hypermotility. In 
such cases there will be so little fluid left in the stomach in fifty minutes 
that no accurate fat determination can be made. When such a condition 
is suspected, it is best to aspirate in thirty minutes. 

2. In cases of gastritis in which there are very large amounts of 
mucus which destroys the emulsion and by rising to the surface of the 
Babcock bottles obscures the readings. 

3. In cases of greatly impaired motility owing to the difficulty of 
completely emptying the stomach preliminary to lavage. 

Even where it fails it still, however, offers as much information as 


the ordinary Ewald test breakfast. 


SUMMARY 


1. The method here proposed for the study of the gastric functions 
is a modification of the Sahli test meal, consisting of one-third con- 
densed milk and two-thirds water, the object being to obtain a stable 
emulsion of fat. With a very little extra work we can calculate the 
amount of gastric juice in the stomach at the time of aspiration, and so 
determine its real acidity as well as the gastric motility, ete. 

2. We have, then, definite standards for comparison which enable us 


to make more accurate functional diagnoses than are at present possible 


otherwise. 


Among the advantages of this meal over the Ewald and Riegel 


is the consideration that the conditions of most of the gastric 
advantages 


meals 
functions may be determined by a single aspiration. Its 
over the Sahli meal are its constancy of composition, the ease with which 
it may be prepared and administered, its strong secretory stimulating 


powers, and the stability of the emulsion. 
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L STUDY OF THE BLOOD 


JOHN ALBERT KOLMER, M.D 
PHILADELPHIA 

The number of investigations into the state of t 
s comparatively small, but there exists a striking u 
results obtained, though aceuras na ew of s 
unfortunately, in some details difficult, be se of ‘ 
tions of the leucoc vtes which have been adopted 

While the blood changes In pertussis are mterestlil 
the diagnostic value of the interpretation placed on tl 
various authors lends additional interest to s study 

With few exceptions, a leucocytosis and lympho 
noted early in the disease, and diagnostic value has been 


IN 


their presence. Recently more careful study 


PERTUSSIS 


1) 


nas Well 


Vtosis have 


I 


mel 


attributed ¢ 


a definite series of blood changes in this disease and has demonstrate 
the value of a blood examination in the early diagnosis of pertussis 

The following is merelv a brief review. the teratul aving beet 
quite well covered recently by Barach 

In 1897 Froéhlich,? the first to call attention to the blood changes in 
whooping cough, found a leucocytosis in 55 cases and a lymphocytosis 
in the fifteen differential counts made. The next vear Meunier® found 
a leucocytosis in 30 eases, and, from ten differential counts, conclude 
that all forms of leucocytes were affected in this disease except the 
eosinophiles. De Amici and Pacchioni* in a study of 18 cases, Stenge 
and White® of 3. Muggia and Bertolotti® of 25, Grulee and Phemister’ 
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THE BLOOD IN PERTUSSIS 


Barach' of 30 eases, and Crombie’ in an anal 


beginning 


1 


sis of 112 cases, all found a leucoevtosis and lymphocytosis, 


increasing in severity with the paroxvsmal and 


in the catarrhal stage, 


then decreasing until the normal was reached. 


Mosenthal® found the leucocytes approximately double the normal 


n the catarrhal stage, with less marked changes in the convulsive period. 
Cabot'® reported two cases of pertussis-pneumonia which, from the high 


lymphocytosis, led him to believe the cases atypical per- 


’ 
Tht 


leucocytosis 
tussis. Steven"? reports a similar case. 

Cima™ found a higher leucocytosis in pertussis than in other infec- 
On the other hand, Carriere’® found a higher leucoeyvto- 


tious diseases. 


sis in bronchitis, and Wanstall'* found an absence of leucoevtosis in 5 





cases in the catarrhal stage of pertussis, but, in 11 out of 14 cases, 


demonstrated the presence of a lymphocytosis. 

During the latter part of the summer and early autumn of 1908, I 
had the opportunity of studving 27 cases in St. Vincent’s Home and 
Maternity Hospital from the beginning to the end, having full control 
ot my patients. ‘Two cases were fortunately, though by accident. ex- 
amined in the precatarrhal stage. It was soon evident that there oc- 
curred an appreciable change in the blood formula early in the disease. 
But, in order that these changes may be considered as possessing diag- 


nostic value, it was necessary to determine a more or less normal stand- 


ard for institutional children where hygienic conditions generally are 
not so good as in private homes and where the children are more likely 


developed and anemic. Accordingly the object of my study 


1. To determine what may be considered as a working standard f 


the total number of leucocytes and the various proportions of the leuco- 
evtic elements in the blood of institutional children of various ages. 


8S. Churchill, F. S.: Diagnostic value of the leucocyte formula in pertussis. 


Jour. Am. Med. Assn., 1906, xivi, 1506. 
0. Mosenthal, H. O.: Leucocyte count of normal “institutional” children and 


those suffering with pertussis Arch. Pediat., xxv, 1908, S31. 


10. Cabot, R. ¢ Clinical Examination of the Blood; ed. 5, New York, Wood, 
1904, p. 220 

ll. Steven, A Bronchopneumonia, Lancet, London, xx, 791. 

12. Cima, F.: La Pediatrica, 1899, vii, 261. 


13. Carriere, G Le sang dans la coqueluche et dans l'adénopathie tracheo 


hebdom. de med, et de chir., 1902, xlix, 127. 


bronchique. Gaz 
14. Wanstall, A.: Pertussis with special reference to its early 
from tne blood findings Am. Med., 1903, v, 62-65 


diagnosis, 














2. To ascertair ct were possibie to diagnos o 
with some degree of certaint eal , its course at atv} 1s 
by a st of the blood 

4. To study the blood in conditions resembling the catarrhal stage of 
whooping-cough to ascertain if the blood changes pe i » this infec: 
tion occur in them also. The opportunities in this direction were lit 
ited mainly to bronchitis and larvngitis. 

t. To study the blood in eases of pertussis modifi rv complications 
The opportunities in this direction comprised two cases of pneumon 
and two cases of convulsions, and one case, ea of impetigo contagios 
ecthvma and Vincent’s angina. 

It is plain that if we could by some means diagnose whooping-cough 
early in the catarrhal stage. which is generally impossible by the svmp 
toms alone, it would be of great advantage especia rom the stand- 
point of prophylaxis. It is most desirable to isolate « n suffering 
with pertussis as early as possible, for without doubt the disease is vy 
infectious during the catarrhal stage’® and scarcelv less so during th 
paroxysmal stage. The importance of early diagnosis and isolation i 
emphasized in institutions for children where the inmates are more 
less closely associated and the spread of the nfecetion correspond ng 
facilitated. Again, many cases pursue an atypical course in which ther 

s either no whooping or else a paroxysmal stage of short duratior 
Such cases were found to occur most frequently in infants. When we 
remember how disastrous pertussis is among t voung and how hel» 
less we are In ameliorating the svmptoms and pre venting fatal comp! 
cations, it behooves us to avail ourselves of eve neans whereby t 
disease may be early d agnosed and its victims prompt solate 

Due care was exercised in avoiding digestive leucoevtosis, w 
especially affects the lymphoevtes. Wright's stain was used throughout 

elng vé simple and quite satisfactory. In most instances two leuco 
evte counts were made and two smears examined in each case at ev 
examination. 
CONTROL CASES 

Early in this work I was impressed with thy wt that a haz 
of what constituted the normal blood pictur children, especial 
children of the tvpe we were examining, would not suffic yne was t 
ittempt making an early diagnosis whooping-coug an examin 
tion of the blood. It was necessary to know with some definiteness 
what constituted normal limits an it to reg is patholog 

na general wavy that thr ‘ rf stitutiona in 


Knew 
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“4 THE BLOOD IN PERTUSSIS 


raised amid poor surroundings, as in the slums of a large city, differs 
from the blood of children reared in our better private homes. Suel 


| 
common affections as rickets, chronic glandular enlargements, intestina 
d 


sorders and congenital syphilis tend to upset the leucocytic formula. 
mainly affecting those cells with which we are most interested, the 
lymphocytes \s a general rule most institutional children suffer wit! 


rickets of varving degree of severity. many have variously sized glandu 


lar enlargements an 


intestinal disorders are very common, especially in 


artificially fed infants. With all these things to be remembered on 


would natura think that blood examinations were not worth while. I 


believe their importance, however, with the exception of age, is a little 


exaggerated This appears, at any rate, to be true of the following 


cases which were selected more or less at random from the children of 
St. Vincent’s Home and belong to the usual institutional type. W 
1 


believe that the results of these blood examinations would apply also to 


children as met in the ordinary dispensary practice. 


Taste | BLioop EXAMINATION OF NORMAL INSTITUTIONAL CHILDREN; AGE, 5 
ro 12 MontTus 





Age Lymphocytes Transi- Polymorpho- Eosino Mast 
No Mos Leucocytes Small. Large tionals nuclears philes Cells 
1 3 7.800 44 15 0 
= 3 o.360 175 14.1 1 
3 “ SSO 54.88 11.2 AL 
4 6 16.880 IS_SH 6.81 ” 
br in wae “HSI "4.00 “ 
6 ) o.6S0 no.62 3.33 
rf 6 10.640 $4.52 0.65 a4 
Ss 7 ea : 14.21 “ 
% 12 12,000 16.61 0 
w 12 1000 DSS. wo ple |) 
Avge. 54, 10.900 15.47 13.53 2.02 36.78 2.13 OT 


TABLE II BLoop EXAMINATION OF NORMAL INSTITUTIONAL CHILDREN; AGE, ] 
ro 2 YEARS 


Age Lymphocytes rransi- Polymorpho- Eosino Mast 

No Yrs Leucocytes Small Large tionals nuclears philes Cells 
1 ll, 10,160 37 11 4 48.55 1.66 0 
2 11, 4,720 22.92 22.96 1.11 51.85 1.85 0 
“ 1% ro.o00 STS 13.05 1.81 ALO 151 : 
2 14.0 is 11 ” S30 > 2 “ 
h 1! liven $8.35 16.66 on 34.01 oo 0 
“6 1 oe 5S TOSS 1.42 23.72 1 

7 2 0.800 48.12 15.79 3.15 20.52 2.1 32 
Ss o 12,000 a4 w.75 1.25 $3.5 15 0 
of] 4 17.4) 10.606 11.66 as 4 4 34 
au 1} 1a ene 27.42 15.92 1.11 3.7 1.85 “ 

Avge 1, 11.600 $1.55 13.86 1.53 $2.66 1.45 on 
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Ii] BLoop EXAMINATIION OF NORMAL INSTITUTIONAL CH 
ro 3 SEARS 
Ag Lymphocytes rrans I 
Yrs Leu vtes Sma Larg ils 
4 11.SS0) $2.22 SS s $5.08 
2 14.(K0 26.4 7.4 63 
~4 12,160 S.41 12.38 s 43.81 
: 16.000) a | | Cl eeer 1 " 
y 1 SS0 $4.37 ea | 145 j { 
} 16.100 29.19 7.14 ; 61.6 
1 ow »2.S0 11.31 11 2.13 
3 14.520 1.0 7.57 ‘ iN.7S 
32 11.900 ISD 47 1.84 $0.45 
= 12,100 4 15.6 S 17.4 
r 4 1O.600 27.0 7.58 1.72 57.24 
2 11.200 tw 11.85 111 Og 
1+ 11,750 25 “Od er - - 
3 12,1" 0) 7 tie aT 
12 11.500 45.55 oo 58 148 ON 5 
4 1.200 37.02 S37 ‘ +: 
11.80%) 76 1 1.1 Reo 
2 11.600 [3 1 ‘ wt 
2 11.400 av a ‘ $8.18 
» 300 Th ) aT 
2 11,400 afb 1.1 1.11 41.48 
> 10.900 1.31 10.87 ’ ar 
2 14.200 set) G32 S hON] 
1 11.600 i7 1.08 i1 Mw 
13 11.000 TOF moo 121 SS 
= % 1 a) 7 10.7 10.9 
1\ BLoop EXAMINATIION OF NORMAL INSTITUTIONAL ( 
} ro 5 YEARS 
\g Lymphocytes t I’ I 
Yrs Leucocytes Sma Larg 
14.080 18.08 12.8 62.68 
1O.500) 27.41 11.6 4 S06 
10.400 oa ON1 re 62.04 
; O00 24.46 13.3 > er) 
{ 1 S00 SH S.00 oth. 1 
i 16.400 12.22 4 , 74 - 7 
; H.4i" 45 G.51 iS 14 
1 aye Vo Hg we 1 
j 11.500 16.08 7S 7 ~.44 
{ o.600 on 72 7.2 1.07 ee 
+ ov 2G hte 4 ao 
{ oO T60 16.606 7.73 1.11 72 
{ 11.Sen 2.45 1 1.17 64.20 
rl 11.000) 27 54 13.80 61 -)) 
j TOS > 5 sé : ropes 
{ 10.500 1.31 9.3 1.33 2S 
j 8.900 Le 7.85 71 62.28 
7 1ao60 ae | { , 1 a 
wave we 71 61.22 
: 11.400 8.57 12 1 Py 
> 11,120 3.28 +06 on 4 
5 11.400 rs ; an si “12 
11a 24.52 10.64 2 61.61 
8.000 PO BS 12.9 G4 4.85 
1250 O67 11.4¢ 7 4.14 
i 10,84 7.62 vane re O27 
TABLE \ SUMMARY OF BLOOD EXAMINATION IN CONTRO 
I pl s rransi- | n 
I 1 cvte Su I g ' 
os Ten fen 1.7 13.52 ” 78 
11.60 11.55 TNe 1 12.66 
mweosoe vee 74 1.1 $°0.t4 
rs Toso 7.62 in 72 0.37 
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S6 THE BLOOD IN PERTUSSIS 


One must examine the tables and not the averages to appreciate the 
range of variability in the percentages of the various leucocytie ele- 
ments. Tentative examination will show the following points: 

1. The number of leucocytes does not change materially with age up 
to five vears. One is apt to find a lower count in an artificially fed 
infant than he would in a healthy breast-fed infant of the same age. 
No. 4, Table 1, was from a well-nourished breast-fed baby. I myself do 
not consider any such young children to have a leucocytosis unless the 
count is over 12,000 leucocytes per cubic millimeter. 

2. The percentage of lymphocytes, both the small and large varieties, 
decrease as age advances. In well-marked cases of rickets a large per 
centage of large lymphocytes were found. Comparison with the blood 
of healthy private home children shows, as a general rule, a lower per- 
centage of lymphoeytes than is found in the blood of less fortunate chil- 
dren. 

3. A fair percentage of basophiles or “mast” cells were found. Ew- 
ing has stated that these cells are generally absent in the blood of 
healthy children. 

No blasts were encountered ; a few phlogocytes or irritation forms of 
lymphoevtes were seen, as were also many bilobate and “basket” cells. 

While it is well to remember the range of variability in the percent- 
ages of the different leucocytes even at the same age, one must adopt a 
more or less arbitrary working standard. The percentage of lympho- 
cytes is of most interest in relation to pertussis. The percentages used 
in this work are those given in the summary of the control cases. 

PERTUSSIS CASES 

The aim was to have cases of coughing reported at once and a blood 
examination made. Consequently most patients were examined quite 
early in the catarrhal stage. In a few instances the lymphocytosis was 
slight and a provisional diagnosis made. In the majority of cases there 
was an early and well-marked leucocytosis mainly affecting the small 
lymphocytes. At first there is an absolute increase in all the leucocytic 
elements. Soon the percentage of ly mphocytes become higher and higher 
as the disease progresses. This early lymphocytosis is of most impor- 
tance and, I believe, possesses a distinct diagnostic value many days 
before the true nature of the infection has asserted itself. The changes 
in the blood formula, while in most instances appreciable, were not so 
great but that a careful examination and due consideration of age and 
other modifving influences were necessary. Two patients were for- 


tunately examined in the precatarrhal stage. Patient 8 was examined 

















JOHN ALBERT KOLMER Si 
for a slight cough, which cleared up entirely shortly afterward. About 
ten days later he recommenced coughing and an examination justific 
diagnosis. In about eleven days he began to whoop. Patient 12 was 
examined to ascertain the presence of an eosinophilia in a suspect: 
lumbricoides and oxyurides infection. This accounts for the large 


centage of eosinophiles ] 


All patients, except one, we 


n this case. 


re examined 


in 1 


he catarrhal stage. 


other examination was made during the height of the paroxysmal stag 





A third count was made in the period of marked improvement whe 
the children were coughing hard, but not whooping. A final examina 
tion was made on the average of about two months from the time of 1 
paroxysmal stage. 
laste VI.—BLoop EXAMINATION OF PERTUSSIS PATIENTS IN PRECATARRUAL STAG! 
Poly 
Name of Age, Leuco Lymphocytes rransi morpho Eosino 
No Patient. Yrs cytes Small Large tionals nuclears philes 
8 eee 4 14,000 45.24 2.7 41.24 Lo 
12 Jennie McB. .. 5 15.600 42.78 3.71 75 37.9 14.72 
Average 14,800 $4.01 3.23 1.72 9.57 9.31 
raute Vil BLoop EXAMINATION OF PERTUSSIS PATIENTS IN CATARRHAL STAGE 
Poly 
Name of Age, Leuco Lymphocytes lransi morpho Eosino 
No Patient. Yrs. cytes Smal! Large tionals nuclears philes 
1 Annie 1% 16,000 52.9 18.62 1 "0.62 ) 
2 Lewis M Not taken 
3 Leo W. 4% 15.000 35.29 11.76 1.96 47.05 2 
4 Martin F r 4 14,000 46.11 16.43 2-02 51.5 ) 
| Katie D ‘ 3 14,500 $9.04 10.46 1.56 26.13 "03 
> ‘(7 days later) 16,000 63.908 3.62 AS 35.13 2.59 
6 Etta Db. . ‘ , ° 48.97 10.46 1.56 36.13 2.08 
7 Francis 8S. . 1 13,000 416.76 5.88 2.04 42.45 1.47 
S John L. . 4 16,000 4.6 10.9 1.04 29.97 3.4 
9 Sophie R. 2% "S000 1.39 3.62 m1 31.09 » 33 
10 Margaret 3 19,000 57.51 0.56 2 87 27.65 1.43 
11 Eliz. M 1% 17,500 48.75 10.61 4 3.71 2.47 
iZ Jennie McB 7 94.22 6.36 1.81 J8.4 09 
13 Francis 1% 15.000 46.07 6 27 43.7 2 
14 Walter 2 16,900 48.94 9.71 .41 4.8 ” 63 
1h Tossic ; 2 12.500 46.93 5.75 2.12 38.52 5.45 
16 Eliz. B.. on 2 Not taken 
17 Katie P 2% 13,500 47.81 6.87 2.47 5 7.81 
18 Alice 1 Not taken 
iv Leo B. 4 14,900) 17.04 u.78 1.48 T1 41 
”) Charles L r 4 21.920 14.4 S7 1 +s 4 6.2 
(3 da. later) 22.600 49.14 10.71 2.67 2.14 4.46 
kdith , Bly 16,000 52.42 O8n ao 17 27 
Cath. H 2 17,800 4.7 10.3 on 41 
23 Ikey .. a6 18,000 51.62 14.32 2.43 29.73 1.62 
24 Francis ID 1% 14.500 48.17 15 1.07 is » 
2 Francis H 4 15,200 44.64 13 1.96 6.6 27 
26 John M , 19,000 417.60 10.7 1.28 7.09 1.79 
27 Jno. Met 5/12 Not taken Out patient department 
Average 16. S00 $0.10 4 "0 14.08 4 
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PABLE X BLoop EXAMINATION OF PERTUSSIS PATIENTS IN THE Post 
PAROXYSMAL STAGE, Two MONTHS 
Aw Lymphocytes rransi Polyn pl hos Mas 
\ Yrs Leucocytes Small Large nals nuclears | es 
4 41, 16,000 IT. 14.16 1. 41.66 0 
; y 4 12,400 45 7.01 1.25 $5.85 2.08 0 
ti 4 12,800 ; 17.14 1.78 $6.35 71 TT 
s rf S000) 10.64 > = 47.17 SD 
) 2%, 19.000 9.23 l nd. 38 1.2 
iZ > 11,700 7.04 1.11 47.04 41 we 
13 1 » 15.000 Bo 1.6 Ss tO » { 
14 y 15,000 “ 6.75 62 0.1 > F “ 
le 2 20,000 41.66 12.5 Os 42.009 s s 
17 =% 13.000 27 12.5 ’ 1D 7 4 
10 p 4 500 645 ) CLs > ¥4 3.54 12o 
"a » 12.000 $5.88 12 1.76 7.06 “4 “ 
Avg 14,000 7.07 11.14 1.19 17.6 2.02 i 
raBLe XI SUMMARY OF BLOOD EXAMINATIONS IN PERTUSSIS CASES 
Lymp vies rrans Poly I 
Stage Leucocytes Smal ] we ol I ea | 
Precatarrhal 14,80) $4.01 1.72 7 1 
tarrhal 16.800 9.10 DSS 2.08 10S 
Paroxysma oo im 62.19 S19 177 , 
Marked improvement 16.800 ‘wg tian 14 090 71 
f'wo months afte 14,000 T.07 11.14 1.1% 474 2 
It mav be well to note a few the more por nt nts ! 
strated in the tables 
] Phe re Sa silignh leu CVtosis and n abs ite nereased: percent 
f all forms even in the precatarrhal stage, judging fron 1 examin 
. ae 
tions In the two cases, The number of leucocytes stea ncreases 
the catarrhal stage eaches the climay n the paroxvsmal stag in 
then fall Vv IVSIS Bara states that thre Cal norma ortions 
! + > } 
1 tlie over three months 
2 The mphocytes { Ow sin i! ( <¢ I do n { n 
ne could always appreciate an increase in t rrecatarrhal stage, In 
certainly a lymphocytosis will be ruin In the cata! ll Stave n t 
great majority of cases. This lymphocytosis reaches its climax in t 
} ] ] rT 
paroxvsmal stage and then gradua ills The increas a ntag 
of Iymphoeyvtes is absolute and n simp! relative is Is frequent 
found in! ckets. | e cause oO I Ss phenomenon } is Deen a lite 
congestion o the trac Co yrone| al ands. 
The lares mphocytes run a mo rregular ¢ s In mos 
cases a larg percentage Was Tound when the number of sma 
tes Was lg It W ) noted tha { vercentag sua ematll 
ior a time iiter the sn " ( es evn ) ecrenst 
+. The trans nals n ‘ I ir ane ! }) wT 
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5. The percentage of polymorphonuclear neutrophiles is in most in- 


stances actually increased, but relatively they decrease as the lympho- 
cytes go up. it is interesting to note how this relationship is changed 
n the complications of pertussis, notably lobar pneumonia, and in sec- 
mdary infections. 

6. The eosinophiles run a more typical course. During the catar- 
rhal stage they are usually present in normal proportions, are relatively 
decreased in the paroxysmal stage, and in the postparoxysmal stage a 
mild eosinophilia sets in. 

7. I have found that the basophiles begin to distinctly increase in 
the catarrhal stage and that the percentage remains higher than normal 
throughout the disease. 

8. Many bilobate and “basket” cells were found, especially in the 


presence of a high lymphocytosis. No myelocytes were encountered. 


DIFFERENTIAL DIAGNOSIS 


Quite generally whooping-cough is not diagnosed early in its course, 
because it resembles an ordinary cough without expectoration, accom- 
panied by a little fever. It may go on in this manner for a week to 
ten days, and even longer, before one’s suspicion is aroused by a more 
incessant cough, injection of the conjunctiva and a tendency toward 
paroxysms of coughing. A few observers assert that the disease is most 
contagious in this period. Those who have had experience with many 
children living together, as in an institution, are well acquainted with 
the coughs that spring up every now and then, practically unaccom- 
panied by systemic symptoms and often without positive signs on physi- 
cal examination. Often such a cough clears up without treatment, and 
about just as often it hangs on for a long time despite treatment. | 
call particular attention to the table composed of such cases in which 
one examination was made and a negative diagnosis given. When the 
danger of whooping-cough infection is present, it is just such cases that 
arouse one’s anxiety to know if they are ordinary coughs or genuine 
pertussis or if pertussis is developing during the course of such a chronie 
cough. The other cases were diagnosed by the subjective symptoms and 
phvsical examination. Case 3, diagnosed as one of bronchitis, is Inter- 
esting in that the small lymphocytes kept on increasing and then began 
to fall. The child never whooped. It is debatable whether this case was 


not one of an atypical pertussis, as it Is not infrequently encountered in 


verv voung children. 
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Taste XI1.—BLoop EXAMINATION IN 

CASE 1 

Name f Age Leuco 

+o. Date Patient Yrs ytes 
1 9,16 Eliz. } 4 11.000 
9 88 soo 
10/2 O.500 

Case 2 
2 9/17 Kelly 116 000 
v/2u 500 
CASE 3 
) 9°19 Mary } 1 12 9.000 
10 24 °1.200 
10 26 20.000 
11,1 10,000 
CASE 4 
7 Nick $ 9.960 
9.000 
CASE 5 
) 0/24 Alice I 10,000 
10/2 14,800 
CASE 6 
14 9/25 Willie y 10.600 
10 9.300 
CASE 7 
16 9/30 Harry 8 21, 12,720 
10,2 12.000 
CASE & 
19 10/2 Mary Met 3 12.080 
10,17 14.500 
10,26 10,500 
Misch 
1 10 12 Eliz. 1} 44, 11,000 
4 9/17 John N,. 12.900 
4 919 (ert A 4 9.000 
ti 9,20 John J 31g 8.500 
s 9/22 Joseph G ‘ > 9.910 
10 9/24 rhomas H 4 10,800 
11 9/23 John H. 4 10,000 
12 9/23 William H. a 10,500 
13 9/23 George B 214 11,600 
1S 10/2 Daniel O'C. 3 13,900 
17 10/2 James 0'¢ 3 14,800 
18 10/2 Annie N. 4 10,000 
2u 10/31 John N A 11,800 
2} 10/31 Clara E. a 14,400 
A study of Table XIT will 


change in the bl 


Once in a while 


| . 


AOLMER 


BRONCHITIS 


oo-ee 4.12 
4.44 29.45 
69.74 13.33 
97.82 19.13 





42.86 7.41 
I. 25 | 
BRONCHITIS 
21.66 66 
21.42 11.42 
BRONCHITIS 
"6.19 17.14 
20.49 16 
BRONCHITIS 
40.61 10.46 
40.17 9.04 


43.12 7.5 





in Sil¢ 


that 


ASES OF COUGHS 
—I H sS 
Lymphocytes 
Small. Large 
40 ho 
10.9 9.54 
9.93 14.37 
LARYNGITIS 
19.79 7.19 
oT OD 


One notes in most instances a s 


(OTHER 
rrans 
tionals 
1.36 
1.25 
15 
1.94 
44 
1.28 
S6 
1.11 
" 
OF 
1.75 
1.66 
1.42 
it 
1.42 
62 
1.36 
10s 
95 
4 
64 
1.66 
2.03 
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COMPLICATIONS 
\ study of these presents much that is of interest. 


> . 
Pneumonia 














Bronchopneumonia is one of the most frequent comp! cations. There 
Was one typical case; another commenced as a bronchopneumonia, but 
m developed nto a lobar: hot] were fatal. Both cases «ke veloped a 
e close of the paroxysmal stage. The results of the blood investiga 
ons In the tw cases are given together for comparison. \utopsies 
vere held in th cases 
Paste NIll BLoop EXAMINATION OF PNEUMONIA PATIENTS 
CASI 1 I NCHOPN IONIA 
Poly 
Name \ge Leu Lymphocytes rransi morpl Losing Mast 
I Patier Yrs Vtes s I g nals. 1 irs. philes Cells 
s 12 Annie Q 11, SOM 63.4 4 1.4 27.4 s " 
s 15 SOTO os.40 , 36 1.41 8127 5.47 ao 
S14 S40 SUELO LT 1.56 11.17 20 30 
Casg 2 Lapa I’N} 4 
9 10 Frat s 1 oo MD 60.88 14.08 1.81 21.76 1.07 1 
912 24.000) M.78) 10.43 2.6 18.26 ° 6 1.3 
9 20 "7.000 24.96 11.56 ” 18 oo 1.25 Hj. 
— : , - i 
In bot cuses an increased lteucocytosis Ww ve noted. especially , 
irke n bar case. In the case of bronchopneumonia the small 
rrepolien es Losolute ner ised, whereas In the case of lobar pneu- 
nia e yx ntage ol mphocvtes, on the other hand, steadilv de 
eas \\ ) vin phnonucieda neutl ) es Were nereasin 
. 7 
( onvulsions 
There were two cases In the st the convulsions succeeded on a 
nt IrOXVS! if coughing Three urs later the child died \t 
: the 1 ninges on ot slides Were mt much congested ind 
it was all 
Pantie NIV ioop EXAMINATION OF PATIENT WITH CONVULSIONS (CASE 1) 
Poly 
Name Ag Leu Lymphocytes rrans morpho Eo Mast 
late Ia nt Yrs ytes Sma I g tionals. nuclears. pl Cells 
4/25 Lewis M 1 24.0000 CLOT teen 2.34 24.07 1.21 
7/27 20.000) 59.56 >.31 1.46 B25 on 
One ) ‘ int was taken during a quiet period shortly before 
leat The st count preceding the onset of the convulsions is given 
for comparison It w © observed that with the convulsions there was 
in ncreast eucoeyvtosis and ! slig t nerease nm the polvmorple 
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The second case was the one also complicat v a severe Vincent's 
angina. The gum of the upper jaw was ulcerated so ba that a 
incisor and bicuspid teeth either dropped out or were pu . a 
ncisors and a bicuspid of the lower jaw were also picked out 
fapte X\ BLoop EXAMINATION OF PATIENT WITH CONVULSIONS AND VIN 


CENTS ANGINA 


Poly 

Name of Age Leuco Lympl vtes I'rans morph Kosit M 

No Late Patient Yrs ytes Sma Larg tionals. nuclears. philes ‘ 
22 10/17 Cath H ps 28.500 TO.AT 54 6S | Per 1.81 
10,24 1o.600 TOGA 10.41 1ST 15.8 RK. 
10/26 17.500 1S.60 15.79 131 2.80 1.31 
10,28 (Convulsions) 65.000 Th 7.60 76 24 Loe 
All examinations were made in the paroxysmal stage. As one wou 

expect in the presence of a necrotic condition, the leucoevtes kept on 


steadily increasing, with a relative decrease in the Ilvmphoevtes and an 





absolute increase in the polymorphonuclears. The case, however, was 
progressing quite favorably under applications of formalin and a 5 pet 
cent. solution of copper sulphate when, without warning, the child was 
seized with a minor convulsion. At first it responded quite prompt 

to treatment, but soon fell into a deep coma. Lumbar puncture was 
performed for a diagnostic purpose to ascertain the presence of cerebra 
abscess or a meningitis on account of the ulcerous necrotic condition in 
the mouth. The result was negative. The clear fluid flowed quite fre« 

and 15 ¢.c. were removed, following which the patient’s breathing was 
much easier and more regular. The convulsions had a unilateral ten 
dency. especially affecting the left side Ten hours later the patient 


} } 


died. Autopsv was performed shortly afterward. There was no extra 





] 


cerebral hemorrhage. Dr. William G. Spiller verv kindly sectioned and 


examined the brain for me. He reports 


The right parietal and occipital lobes and the left occipital lobe are greatly 


congested, but no hemorrhages are found in the cortex or white matte 
Microscopic Examination The pia of the left paracentral lobule is not thick 


ened, but shows a considerable degree of round-cell infiltration, especially in the 


fissures. The vessels of the pia and of the cortex are much distended with blood 
and those of the latter present a slight perivascular round-cell infiltration Phe 
congestion of the vessels in the right paracentral lobule is about as intense as in 
the left paracentral lobule, but the round-cell infiltration of the pia is not so dis 


tinct 

The optic nerves and chiasm are full of holes, as though many nerve fibers had 
degenerated and dropped out rhe pia of the optic nerve shows some round cel 
infiltration \ slight round-cell infiltration is found also in the pia of the medulla 
oblongata. The vessels of the medulla oblongata are distended with blood but not 


so much as those in the cerebral cortex 
The round cells are such as are often found in meningitis, consisting of sma 


cells with a single nucleus 


The condition is one of moderate meningoencephalitis 
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period 
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= Poly 
Age Leuco Lymphocytes ransi- morpho- FEosino- Mast 
Yrs cytes Small. Large tionals. nuclears. philes Cells 
2 28 900 59.56 5.31 1.46 32.25 1.31 OY 
80.000 4.6 ’ 44.23 3.7 08 
14.500 5.21 1 47.42 6.51 1.3 
DIAGNOSTIC VALUI 
e to decide this question more or less for himself fron 


ts available. Certain it is that there is present in 
eucoevtosis and an absolute as we as a relative 


When I began this work I was quite skeptical as to its 


n the ecatarrhal stage, there was no lymphocytosis and a 


; was made. These cases afterward proved to be genu- 
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was taken during the height of the convulsions 





than a higher leucocyvtosis. 
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Leuco Lymphocytes Transi- morph Fosino- Mast 
cytes Small. Largs tionals. nuclears. philes. Cells 
15,100 32.07 13 --61 48.69 2.64 75 
17,000 28.5 6 pl O77 0.4 3 
Ey fhuma 
during the paroxysmal stage. The last count 


yuund in the case of impetigo will be noted. as 


presence OL a more severe pustular inte nm. 


EXAMINATION OF PATIENT WITH ECTHYMA 





tally was convinced of its worth. It requires a 


a counting of a large number of leucocytes 
the child’s age. In two cases, Nos. 3 and 22, 


second examination cleared up the doubt either 


way. Unfortunately the busy practitioner may 





in examination that takes considerable time. 
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BOOK REVIEW 


rne& HEART By Prof. Th. von Jiirgensen, of Tubingen: Prof 


DISEASES O} 
von Schrotter, of Vienna 


of Greifenwald, and Prof. Dr. L. 


Krehl, 
M.D... Professor of Medicine, Tulane Univer 


vith additions, by George Dock, 
sitv, Medical Department, New Orleans Octavo ot 
Philadelphia and London: W. B. Saunders Company L908 


half morocco, $6.00 net. 


848 pages, illustrated 


{ ott sy th 


net ; 
No subject In tlhe whol 


quately presented in Eng 


general text-books on 


irks on the he: 
and sound clinic: 
a German work on t 


and present the subject 1 


] ] 
ms to our Knowledg 
hvsicians. For it must be admitte 


deas with the clearness and fore 


{ } th 


riginally formulated: also t ‘ 


lat 
necessitates the introduction of 


notes, which break the continu 


The reviewer, already fairl 
has endeavored 


undred ps 


volume, asking 


English medica 


simple answer 


ve separate monographs: 


ness) ol the Heart”: “Endocardit ‘ill ind “Valy ar 
“Diseases of the Mvocardium” and “Nervous Diseases of 


Peri lium,” by von hrotter. The 


“Diseases 


Ing the maximum, a 
Much more important, 
Krehl’s lear 
ler contribu 
ner recesses of +} 


Ens sh pre sents 








1s BOOK REVIEW 


tant part Live irdiac mechanism, the heart muscie, except In a cursor 

‘7 

: manner, as a small supplement to the lesions of the far less important 
valves. This is, I take it, because the heart has until recently been re- 


America and England, primarily as subject-matter for the 
teaching of physical diagnosis. Mackenzie's book marks the beginning 


of a new epoch of physiologic, as contrasted with anatomic, study, but it 


ae ae 
’ 


s a plece of special pleading. The most striking feature of Krehl’s 


e anatomical and physiologic know! 


Mast rpiece Ss 1ts ¢ mbination of wit 


edge with ripe clinical experience. His work needs no praise, for it is too 


| 
we known. Its chief defect, the omission of all the new information 

: . . . . . , 
r,t wut the conducting apparatus of the heart, which has come to light 


t since 1904, has been remedied with discretion by the editor. Among 


/ 


the one on “Cardiac Fear, Cardiac Pain, and Angina 


Pectoris” seems to the reviewer particularly admirable, and to contain 





: teaching which the American practitioner stands in need of. Methods of 


treatment in heart disease are set forth with authority and from a va 


; 
le section of the book. The note of pessimism, so fatal to therapeut 
; success, and commonly the result of a deficient experience, is wholl 
} absent. It is of especial interest to see, all through the work, how a wide 
and accurate knowledge of physiology, and its many unsolved problems. 
neither interferes with Krehl’s practical judgments, nor misleads him 


i into the easy assumption that, because a particular disturbance of fun 


| tion can be imitated experimentally in a particular way, therefore it is 
+ . } } 
ti explained Be these object-lessons are ca ed for to-day It is the di 
: ference between the true scientific spirit and a kind of pseudo-science. 


which thrives especially in medical circles. Krehl, in more than on 


} place, condemns this attitude of mind specifically, as on page 460, when, 


“We are as vet free from having a clear understanding of the phenomena, 
and it is our duty openly to acknowledge our ignorance instead of keep- 
ing up the state which has been so aptly called by Martius ‘sham-physi- 


ologism’ (Scheinphysiologismus), asis done too frequently in this field, 


especially in the nical literature.” In these davs of Emmanuel move- j 
ments, the American practitioner may also well heed this German pt 
fessor, when he advises, under the treatment of the cardiac neuroses: 
In fact, the physician in these cases often performs the office of the 
minister, and if he tries to avoid doing so he can never expect to accon 
plish results 
) Of the remaining portions of the volume, the less said the bette 
Jiirgensen’s presentation of insufficiency of the heart is involved, full of 
false assumptions, and much of that Scheinphysioloqismus against whicl : 














2h a cae tO ht 


Nb ts wd 


REPS 





BOOK REVIEW ag 


Krehl inveighs. He quotes lengthy case reports th obviously erroneous 
diagnoses in defense of his position; as, for instance, on page 121. This 
case is so evidently one of interlobular emphysema from rupture of the 


lung during cough, with consecutive subcutaneous emphysema, 
makes argument from it for a theory of cardiac asthma ridiculous. His 


liscussion of treatment is still worse; pessimistic, valueless as a presenta- 


ion either of scientific knowledge or clinical experience. His statements 


as to digitalis, if quoted by any American medical student, would cer- 


ease, and that benign rheumatic endocarditis is a mvt! His “Valvula 


tainly mark him for condition in therapeutics. 7 
arditis is rather better, though not greatly instructive. One gains from 
it the impression that endocarditis is almost invariably a progressive dis 


Disease” was not worth translating, in view of the available Eng 


books like Sansom’s and Gibson’s. “Diseases of the Pericardiun ) 
von Schroétter, with the editorial emendations, presents the subject in a 


fairly concise way. All that it gives of value on the important top 


paracentesis of the pericardium is from the hand of the editor. 
Throughout the whole volume the wide learning of the editor is in 

evidence, and has added much to its seluiness he translatio1 S 

satisfac ind errors \ \ nsp = one Is on page 728, 
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oblong in shape, dark red in color, and raised about 
w surface and covered with a dirty, vellowish crust 
an irregular papillomatous surface was noted, with 
the papillary projections The margin of the growtl 
dark red in color; the mass was soft and mushy to 
under mild pressure 
The large lesions on the lip presented ao similar 
were round, smaller, and somewhat more raised above 
on the fore ‘read they were not surrounded with d 
All othe on th face were raised, round re 
vellowis eTrust. o1 capped with a pustule, varying 
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1 thighs presented Numerots le 


elevated They showed only a 
ditfering from the 


Vv were similar in 


lesions before described. t 
that thev were capped w 


the irregular 


from between which the fluid could be pressed 


patient complained of no prin, burning or ote 


skin 


) Section of lung, 150: blastomveetes in large svnevtial cell 
Srears ere made from the pus trom three lesions at re u 
morning Without stiumming numerous oOo inisn re Ik 
them budding Fig. 2 
None of the lesions was examined microscopically at t ti 
1utopsy three lesions were removed from the face and hat 
The patient was given the usual stimulant a suy t ' 
iodin and several doses of pneumococeie serun | it 
lisease moderate doses of potassium todid wer iven ? era 
re from 1 
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Limi SYSTEMIC BLASTOMYCOSIS 


AL TOPSY 


bhis was held two hours after death 


tnatomic Diaqnosi s Pericardial = etfusion Catarrhal pneumonia, with 
miliary and conglomerate abscesses of right lung. Pleuritie adhesions, Catarrhal 
pheumonia of lower lobe Necrosis of middle and upper lobes. with miliary 
ind conglomerate abscesses of left) lung Parenchymatous and fattv degenera ; 
tien with acute congestion of the liver Parenchyvmatous degeneration of the | 
ilnevs \eute splenitis, with miliary and confluent abscesses 




















Fig. 6 Section of lung < 50: blastomveetes Vit) connective tissue forma 


tion aml exudation 


Vacroscopic Exramination Bedly of an emaciated woman about five feet 
twe inches in length, weighing about one hundred pounds Numerous papules, 


tubercles, pustules and ulcers were seattered over face. hands, chest. abdomen. 


no 


hack and thigh- The Iwinphatic glands and visible mucous membranes were not 


involved 
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hus SYSTEMIC BLASTOMYCOSIS ' 
: Phorax Pericardial sac contained about six ounces of a clear, straw-colored 
: thud Heart normal in size, muscles pale and soft, cavities small Valve leatlet- 
] normal and competent Valve orifices normal in siz 
Lungs Left visceral and parietal pleura were united throughout by ad 
hesion- hich were separated with some difficulty, they were so dense at 
; lung The lung was distended and heavy. Lower lobe solid and of the con 
| sistency of liver Middle and upper lobes were soft and boggy The three 
; lobes were densely adherent to each other The surface was rough and covered 
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Fig, 8 Section of lung < S00: large masses of blastomveete- 


lhestioms of « dirty gravish color, mottled w ) numerous areas 
1 to 10 millimeters, which were of a vellow color, soft and 


w surface’ of the lung: thev were not unlike miliary 


re ee - 
por 


: ~liv tl elevate i \ t 
' ’ , 
ind n merate tubercles On section of the lung the cut surface was of 
: dirty gravish color and exuded a thick purulent. thaid Fig. 3 The upper 


ind middle lobes consisted mainlv of contluent areas of soft. cheesv. necroti 
separated by a small amount of bluish-grav lung tissue Thu wel 


material 


: 
re 
: ’ 
; lobe contained more ine tisste vith afte discrete, gravish-white. soft) areas 
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wl id tae appearance of beginning necrosis lhe bronchi contained ao sis 
mount of mucopurulent fluid Right pleural cavity: empty Right W i> 
tended and heavier than normal: surface smooth and vlistening Posterior part 
of lower lobe solid, dark red in color, and devoid of ain remainder of : 
of a bluish-pink color, semisolid and partly crepitant wer the entire surtace 


of lung were seen gravish, slightly elevated, discrete areas, irregular ino shape 


and varving from | to LO millimeters in diameter Lobes not adherent to ea 
' other On section, tue surface had a bluish-pink colon Vas studded with soft 
vellow areas. irregular in shape. and sharply outlined from the surrounding 
tissues and evidently areas of necrosis The surface exuded a bloody air-mine 
-erun Phe bronchi contained some mucopurulent  thuid Smears made tron 


the exudate of both lungs showed blastomycetes in great numbers 
Spleen Enlarged, measuring 20 by 12 by LO centimeters Soft in consisten 


dark red in color, and thickly studded with vellow. slightly elevated areas 

















puis 

Fie. o Section of liver <« 120: © v.. central vein: iy interlobar vessel- 
liver v. Vacuole in cells 
Irregular shape. varving in size from 1 to 10) millimeters Surtace si t 
capsule not thickened ln section tive ~plenic pulp Was found to be «darl rm 
in color, interspersed with soft) purulent areas of a lemon vell color i 
7 ipied tully one-third of the orga: Fig } Smears from purulent aren 
showed numerous blastomveetes 

Liver Verv much enlarged and soft surface smoot and pale re it 
ipsule not thickened Cut surface pate amd greasy Lobules indistinet 
ules distended No necrotic areas cou be seer Gall bladder e1 pt t 
tre 

Kidnevs Enlarged, pale red in color capsule easil stripped, leavin i 


smooth surtace Cortes and omedu 1 Increased Lime hess (slomerul i! 
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1 SYSTEMIC BLASTOMYCOSIS 


tufts not easily distinguished. Venules slightly distended. The kidneys pre 
sented the appearance of parencaymatous degeneration and did net) contain 
areas of blastomycotic involvement 

Stomach, intestines, peritoneum, pancreas, uterus and bladder normal. 

The brain and cord were not examined. 

Vieroscopie Examination Lungs Under low magnification there was seen 


t Very chronic process in which there was a marked increase of tibrous con 














Fie. lo Section of liver. » io: oe. liver cells: vi. vaenole: bl. blasto- 


mrvees (the only one found in section 


nective tissue in the alveolar walls and about the blood vessels In places, the 
infiltration was se dense that it almost replaced the lung structure Through 
out the fibrous tissue could be seen areas of necrosis, and near tiese necrotic 


areas could be seen groups of synevtial cells containing blastomycetes Fig. 5 
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e more acute process consisted of a pneun 


onila in \ wen ! =t 
ere seen packed with exudation Under higher magni ithon the ni 
ess could be seen infiltrated with round cells of the voy id twp Un 
igh magnification, there could be seen sligait) congestion of the vess« til 
ifiltration of the alveolar walls and about the blow! vessels Phe epithelia 
lining the alveoli were swollen and degenerated In the alveoli 
ion as seen to consist of red blood corpusel ind blastomveetes fi 
orphonuclear leucocytes epithelial ells ! process t «ke ! 











= ‘ el ! 

eads of tibrin Figs. 6 and 7 | brow i had thickened walls i 

wre could be seen aq few blastomveetes, the lumen containing a slight it 
The lesions in the lungs were remarkable for the extreme tibrosis i 
number of svnevtial cells, and the enormous mune i ist ete uo Ss 
Most of the lesions were extremely hronie, bu ere id een ave ' 
\tension wlich oecurred by wav of the bronchi 
Liver Section showed dilatation of the intra ila it ntainis 
> of pusecles, surreu ‘ \ \treme ot ta ! t 
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li4 SYSTEMIC BLASTOMY COSTS 


Skin: Under low magnification Beginning 


sence of the corneous laver and the transitional 


} 


laver was markedly hypertrophied and the cells 


poorly Throughout the epidermis small abscesses 


laver, owing to the hypertrophy Was pushed fa 


stances could be seen intact The corium sowed 


a : 


Fig j Skit b.. budding blastomvee 
it? ? erotts " re seen p de abscesses ane even 
as , etes e seen Fig. 12 
UL neler lig magnification the infiltration 
" ! ells instead of the usual plasma ells found 
min \ fe . ells ere found only after repr 


te ! viant cells The contents of 








Fig ’ epidermis minut absce=s) started 

baad , blastomvees ] leucoev te 
cells of the vinphoid type. leucocytes nuclear fragments 
Istns Fig, 13 The abscess walls were composes 


nective tissue tibers with flattened compressed 


abscesses were started by the blastomveetes establishing 


epithelial cells, followed by the emigration of polvmorphonucleat 
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Figs. 14 and Numerous sinuses filled ith organisms 

een in the epidermis and corium between the abscesse- Fig. 16 

rhe histopathology of the skin in our case differed from that i 
viously reported in that we found only a few plasma cells. no giant cells an 
ereat numbers of organisms The organisms in ill the lesions vere 
multipyy only by budding, and in the sections from the skin and lungs cou 
seen buds in various stages of development Figs. 14. 15 and 17 

The first case of svstemic blastomyvcosis was described |b Busse 


Buschke in 1TS04. and there have been reported some twenty-three cases 














bie. 16 Blastomyces in aosinus of papilla skin enlarges yo tin 
epithelial cell pl yu Ivnucleat lemcoev te bl hblastomvees by nicdedling 
nivees | Iviny ronal cell ibs absece 
\ i i ! ( “ 
ul \ nt = ] n nm that \ yg 
ics l i! Nh vl ! 
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SYSTEMIC. BLASTOMYCOSIS 


ryanisms which are the causative factor of the disease, tl 
etes. are vegetable micro-organisms belonging to the veasts o 
fungi. Thev are oval or round bodies, varving Im size from 


micromillimeters, Thev have a doubly contoured capsule. 


protoplasm: which ts finely granular and often vacuolated, Between th: 








roto) iisth 
Phe protoy 


te, and t 
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7 Section of lung, & 1.000: organisms, showing budding 


and the capsule a clear zone of varving thickness can be seen. 


lasm is often nearer the capsule at one pole than at the oppo- 
clear ~prace Valles corresponding l\ In size, 


wtion occurs in living tissue by budding and in cultures by 


ormations, 
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According to Montgomery and Ormsby, the male sex has furnished 
n ajority of the cases, there being nineteen males to four females among 
the cases reported in their exhaustive articles.’ 

Inasmuch as the lungs were so often primarily affected (in 65 pe 
cent. of the cases reported), it is important to consider the respiratory 
tract as a mode of entrance for the parasite. We are quite sure that th: 
disease existed in the lungs in our case for some months before the final 
illness, and it is more than probable that the illness from which the 
patient’s sister died was the same disease. It is easy to confound the 
disease with tuberculosis. Clinically, the two diseases of the lungs can 
hardly be distinguished, except by a microscopical examination of tl 
sputum. The gross and microscopic appearance of the lesions are remark- 
ablv like those of tuberculosis. 

Of interest is the fact that the serum from this case responded to the 
Widal test for typhoid fever, and this is in keeping with the observation 
of Collins, in which it was found that repeated inoculation of rabbits or 
goats with brewer’s yeast led to the production of agglutinins for the 
tvphoid bacillus and other organisms of the dysentery class. 

The disease never occurs without cutaneous or subcutaneous lesions. 
The skin lesions are usually secondary, and are metastases from the vis- 
ceral lesions. 

The organism can nearly always be demonstrated in the sputum or 
in the pus from the cutaneous lesions by treating a smear with a 1 px 
cent. solution of potassium hydrate. 

In our case enormous numbers of blastomycetes were demonstrated 
in the sputum and in the pus from the cutaneous lesions. 

We regret that we did not have time to attempt treatment witl 
vaccine, 

We are very grateful to Drs. Gilchrist, of Baltimore, and Councilman 
and Pratt, of Boston, for many helpful suggestions in the study of the 


case. 


l Montgomery, F. H., and Ormsby, OQ. S Systemic Blastomycosis, Tut 
ARCHIVES INT. MED., 1908, ii, 1. 



























GLANDULAR FEVER 
REPORT OF AN EPIDEMIC IN THE CHILDREN’S WARD OF THE 
UNION PROTESTANT INFIRMARY 
J. EDWARD BURNS, M.D. 
BALTIMORE 


Glandular fever, an acute infectious disease principally affecting the 
cervical glands, was first described by Pfeiffer in 1889. Since that 
time various writers, West, Korsakoff, Gourichon, Terflinger and others, 
have reported epidemics and written extensively about it, but conclusions 
as to its etiology, the portal of entry of the organism causing the infec- 
tion, the extent of the infection, and the complications arising there- 
from are very diverse. 

The cases reported in this article are nine in number. The first six 
occurred in children from 21% to 5 years of age. The last three occurred 
in the family of Patient 6 after she had left the hospital, and, although 
not seen in the acute stage, are reported because the clinical history cor- 
responded precisely to that in the cases observed. In this family epi- 
demic only adults were affected. West reported an epidemic of 96 cases 
occurring in children and Terflinger one of 150 cases occurring in adults, 
thus showing that this disease, although considered one of childhood, 
may affect individuals at most any age. 

The cases reported occurred in the months of February and March. 
and made their first appearance two months after the children’s ward 
had been isolated on account of the measles, scarlet fever and diph- 
theria in the city. The first case began on February 15, the second on 
the 16th, the next two on the 17th, and the last two on the 18th. 

The first case in the family of Patient 6 developed twenty-four hours 
after the child had reached home. Her mother was the first member of 
the family affected; none of the family had seen the child for two and 
a half months previously. From this one would conclude that the incu- 
bation period could be as short as twenty-four hours, although most 
writers think it from seven to nine days. 

All the cases showed a leucoevtosis from 158,800 to 26400 during 
the disease. The variations in the differential count during the disease 


were as follows: 
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Polymorphonuclear leucocytes ....... sc 37 to 74 
Small mononuclears ...... ; 20 to 50 
Large mononuclears 2 toll 
Eosinophiles . ‘ 0.5 to 5 
Transitionals ... 1 to7 
Mast-cells . ene ; 0.5 


The small mononuclear elements of the blood seem to be the ones 
principally increased. The coexistence of tuberculous, gonorrheal and 
chickenpox infections in some of the cases makes the blood picture some 
what confusing. 

Cases 1 and 2 showed a marked leucocytosis according to the absolute 
count, yet the differential counts were normal. These latter must have 
been due to an uneven distribution of leucocytes, for it seems very 
unusual to suppose that all the leucocytic elements of the blood could 
have been proportionately increased. 

Leuco¢ vtes after convalescence varied from 5,000 to 8,000. 


The variations in differential count after convalescence were as fol- 


lows: 
Per Cent 
Polymorphonuclear leucocytes 13 to 54 
Small mononuclears 30 to 70 
Large mononuclears 2 to l4 
Eosinophiles . ; l.4to 13 
Transitionals , l to 65 
Mast-cells O5to 2.5 


After convalescence there seems to be a still greater relative increase 
in the small mononuclear elements of the blood. 

Throats and tonsils of all the patients were injected, but showed 
no exudate, and the cultures made showed Staphylococcus aureus. 


CASE |] The patient, R. H., was sent in for treatment of paralysis of left 
leg due to anterior poliomyelitis. Swelling of glands of both sides of neck was 
first noted on February 15. At this time his temperature was 101.8, pulse 124. 
The patient complained of tenderness of cervical glands, stiffness of neck, thirst 
and loss of appetite. Enlargement of glands was not confined to the cervical 
group, of which the upper ones, anterior and posterior to the sternomastoid, were 
chiefly affected, but the axillary and inguinal groups were also enlarged, although 
to a much less extent. The cervical glands were the only ones tender, and this 
lasted only three days, after which the swelling began to decrease. No abdominal 
pain or tenderness present The patient was constipated. Pharynx and tonsils 
injected, but no exudate present. Throat culture showed Staphylococcus aureus. 
On February 16 the white blood count was 26,400. The differential count was 
as follows: 


Per ¢ 
Polymorphonuclear leucocytes 74 
Small mononuclears 29 
Large mononuclears 2 
Eosinophiles 0.5 


rransitionals ] 
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On February 20 the differential count was: 


Per Cent 
PURPURORPMOIICIEST DOUGOIIOUE ics cc ccc cescecevesisecessseseence 65 
a PO ee in ts air isa hacia ac or 
Se: SS ala: fess itn br ki ac wi wer ated ace eke Alain Woe 6 
i EET ET ECE TTT COUT TCT TORE OOET e 5 
DOS hs acwinceis Caves wekncncees me oleae, ‘errei aie rans 3 


Urinary examination showed absolutely no signs of nephritis. The patient 
left the hospital March 9 before the swelling of glands had entirely disappeared. 


Case 2.—F. R., male, aged 214 years, epileptic, had swelling of cervical glands 
of both sides first noted on February 16. On February 15 the temperature rose 
to 100.6 and on the 16th to 101.6 and then gradually declined. 

On February 17 the patient’s neck was painful and stiff. The soreness lasted 
one day. After this the glands began to decrease in size, but those on the left 
are still somewhat enlarged. Axillary and inguinal glands not involved. Pharynx 
and tonsils injected, the latter enlarged, but showed no exudate. Throat culture 
showed Staphylococcus aureus. No abdominal pain or tenderness. The patient 
is habitually constipated. There was loss of appetite. 

On February 16 the white blood count was 22,100. The differential count 


was as follows: Ber Cont 
er en 


Polymorphonuclear leucocytes 4 ; a stain alan) 
Small mononuclears ............ e “ A OT 
Large mononuclears .......... 2 
Eosinophiles . ; abate vemes ; , janiratiaandiet 1 
Transitionals : : ; pile errr a 
Mast-cells TUT Te Tee ceateekepua ind Rai ib initenie Sarees 0.5 
On February 20 the differential count was as follows: — 
Polymorphonuclear leucocytes . . aes Die ae ee 
Small mononuclears 25 
Large mononuclears . te nwinee wiaticiee ae 
Eosinophiles iets , km Te 
Transitionals ...... Se wa eee duane Vealoes 2 


The patient is still in the hospital and doing apparently as well as before 
the attack of glandular fever. 


CASE 3.—E. McD., male, aged 314, had Pott’s disease (high dorsal) ; swelling 
of cervical glands of both sides first noticed on Feb. 17. Axillary and inguinal 
glands not involved. No rise of temperature. Swelling and tenderness of glands, 
and stiffness of neck lasted until February 20, after which time the tenderness 
and stiffness disappeared, and the swelling gradually decreased. The patient held 
his hands to his ears as if suffering with earache. No abdominal pain nor tender- 
ness. The patient was not constipated; had no sore throat. He had loss of ap- 
petite; has had swelling of glands of neck three times previously. 

On February 20 the red blood count was 4.200.000: white blood count, 21,800: 


differential count, as follows: 


Per Cent 
Polymorphonuclear leucocytes .. KeROR ede eee Rane 
Small mononuclears akan , a ae or re dp taidvaecketaciteers a 
Large mononuclears . ' : whats piece cus x ; bi 6 
Eosinophiles . ; : ‘ , jvetbietab Sakateas ae 
Transitionals : aai 3 
Mast-cells ao Rare guia ete 0.5 
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On March 27 the leucocyte count was about 6,500; the differentia int. as 
follows: 
Polymorphonuclear leucocytes . i4 
Small mononuclears 
Large mononuclears ...... acne er 5.3 
Eosinophiles 
The patient is still in hospital and general condition seems about the same as 


before he had glandular fever. 


CasE 4.—P. K., male, aged 5, had tuberculosis of hip (left) and lumbar 
kyphosis; swelling of cervical glands of both sides first seen on February 17 
Axillary and inguinal groups not involved No tenderness of cervical glands. 
Some stiffness of neck. Swelling increased until February 20 and then began to 
subside. On February 17 the temperature rose to 100 and on the 21st to 100.1. 
It then gradually fell to normal. The pulse showed no peculiarities. No ab 
dominal pain nor tenderness. Pharynx and tonsils somewhat injected but patient 
complained of no sore throat. No exudate present. Throat culture showed 
Staphylococcus aureus. The patient was not constipated. 


lows 


On February 20 the differential count was as f¢ 


| ( 
Polymorphonuclear leucocytes 48 
Small mononuclears 3S 
Large mononuclears 9.5 
Eosinophil s 3 
0.0 


rransitionals 


On March 27 the leucocytes were about 5,000; the differential count was as 


follows: 

Per Ce 

Polymorphonuclear leucocytes 27 

Small mononuclears 49 
Large mononuclears 6.8 

Eosinophiles 13 
Mast-cells 2.5 

] 


Transitionals 


The patient is doing well. Cervical glands still somewhat enlarged 


CASE 5.—M. H., female, aged 5, had tuberculosis of hip (left) and chickenpox; 
bilateral swelling of cervical glands first noted on February 18; no other glandu- 
lar involvement. On this day the temperature rose to 100.8, pulse to 120. The 
temperature gradually fell to normal by February 23, by which time the tender- 
ness of glands and stiffness of neck had disappeared, and swelling of glands was 
feginning to decrease. The patient complained of earache. Pharynx and tonsils 
injected, but no exudate present. Throat culture showed Staphylococcus aureus. 
The patient lost her appetite and was constipated. No abdominal pain or tende 
ness. 

On February 20 the white blood count was 18,800; the differential count was 


as follows: 


Polymorphonuclear leucocytes 37 
Small mononuclears 0 
Large mononuclears ... 10 

? > 


Eosinophiles .. 2.2 
rransitionals ‘ 2 
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On March 27 absolute leucocyte count was about 5,000; the differential count 


was as follows 


Per Cent. 
Polymorphonuclear leucocytes ...... a ee ee ee 27 
Small mononuclears ied ia Be ee eT ee eee 59 
Large mononuclears . ainda a raainreciibens ee 
Fosinophiles see seesee se ee eeeceevsese seeee ee 2.5 
Mast-cells ; od win aa tohdte ey et rr ee Se ae 0.5 
Transitionals Leen «ab aveasaoktaeadchaen wasn ous 4 


The patient is doing well. She has entirely recovered from both her chicken- 
pox and glandular fever without any ill effects. 


Case 6.—N. S., female, aged 3, had gonorrheal arthritis of hip (left). On 
December 29 patient developed tonsillitis; on January 27 left tympanic membrane 
ruptured due to purulent otitis media; on January 30 patient first showed signs 
of chickenpox, and on February 18 swelling of cervical glands (left side) was 
first noted. On February 19 the patient’s temperature rose to 101.6, pulse to 144. 
Cervical glands were tender and neck stiff. Axillary and inguinal glands also 
somewhat enlarged. By February 23 tenderness of glands had disappeared and 
swelling was beginning to decrease. At onset pharynx and tonsils were injected. 
Latter were also enlarged. Throat culture showed Staphylococcus aureus. There 
was no abdominal pain or tenderness. Bowels were regular. On February 20 the 
differential count was as follows: 


Per Cent 
Polymorphonuclear leucocytes . ve nid oi aied wei 
Small mononuclears pata —oee 
Large mononuclears ; ; Re ll 
Transitionals gok: ach Ghaas sad eh a eresienbewecienr eis 7 
Mast-cells wa wledte dacs atohie bie hah es er 0.5 


Patient left the hospital on February 28 with cervical glands still somewhat 
enlarged, 

On March 23 I was told by Dr. W. S. Baer, orthopedist to the Johns Hopkins 
Hospital, that he had heard that several members of the family of Patient 6, who 
is a patient of his, had glandular fever. Through the kindness of their family 
physician, Dr. William T. Watson, I was permitted to see them. On arriving at 
their home I found that three members of the family had had what clinically 
seemed to be glandular fever. The last patient had recovered two days previously, 
but all showed some enlargement of the cervical glands still. Throat cultures and 
blood smears were taken from all three and from Patient 6. Culture from the 
latter showed Staphylococcus aureus as before, and differential count was as fol- 


low el Ps T ” 
Polymorphonuclear leucocytes . eT Te 13 
Small mononuclear leucocytes ee ee 70 
Large mononuclear leucocytes — ieee abaaniat ae 
Eosinophiles : ad : ‘ ocebadueeenn “ae 
TEE... «ce cinicles + 2KES Cb WOOES Rh See eewemeNew eteee bebe ene e 3 


Che leucocyte count was about 7,500; and the cervical glands were: still 


slightly enlarged. 


Case 7.—The patient, the mother of Patient 6, aged 25, was apparently a 
healthy woman; she had not seen her daughter for two and a half months and 
had been perfectly well until the latter’s return home on February 28. 

On the evening of March 1 the patient says she felt tired and ached all over, 
and on the morning of March 2 both sides of her neck were swollen and painful. 
Her neck was stiff, throat very sore; she had a headache, and ached all over. She 
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/. EDWARD BURNS | 
was very thirsty, had no appetite, and was constipated rhe 
and painful for one week, after which time it began to subside. At the 
patient was nauseated and vomited. 

On Mareh 23 


» onset t 
No abdominal pain nor tenderness 
leucocytes were about 5,000; the differential count was as tf 
lows 

Polymorphonuclear leucocytes 

Small mononuclears 

Large mononuclears 

Eosinophiles 

rransitionals 

Mast-cells 


Throat cultures showed Staph ylococe is aureus Glands of neck still somewha 
] ] 
enlarged 


CASE 8.—The patient, grandmother of Patient 6, aged 
on March 13 had headache, ached all over, and had chills. At the same time bot! 
sides of neck began to swell and become painful. The neck was stiff and throat 
very sore. The patient was very thirsty, had no appetite, and was constipated 
Swelling and tenderness of glands of neck lasted about one week, after which time 
it subsided. No abdominal pain or tenderness 


On March 23 the leucocyte count was about 7,500; the differential count was 
as tollows: 


Per ( 
Polymorphonuclear leucocytes 


Small mononuclears 


19 


i] 
Large mononuclears 2 
Kosinophiles > 
rransitionals 15 


\ throat culture showed Staphylococe 


us Qureus. Glands of neck still 
What enlarged. 


kK some 


CASE 9.—Patient, maternal uncle of Patient 6, aged 20. General health 


Bilateral swelling of neck first noticed on March 15. At this time patient had 


a headache and a feeling of general malaise. The neck was stiff 


sore 


and throat very 
The patient was thirsty, lost his appetite and was constipated. 
ind tenderness of neck lasted about one week. No abdominal 

On March 23 the 


Swelling 
pain or tenderness 


leucocytes were about 5,000; the differential count was as 


follows 
1’ ‘ 
Polvymorphonuclear leucocytes 54 
Small mononuclears 30 


Large mononuclears 
Eosinophiles 


lransitionals 


Throat culture showed Staphylococcus aureus Axillary and inguinal, as we 
/ d 
is cervieal glands, still somewhat enlarged 


In the first six cases the enlargement of the cervical glands 


it the same time on both sides, with the exception of Case 6, and in tl 


there was a historv of simultaneous enlargement of t! 


glands of both sides of the neck. In onlv one instance, that of Case 6 


was there a unilateral involvement. The swelling of the glands seemed 
to increase on both sides at the same rate, ar e tenderness seem 


neck was swolle 


; 


50, apparently healthy, 
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to reach a maximum on the third day, after which time the tenderness 
disappeared and the swelling began to decrease gradually. The upper 
glands of the chains anterior and posterior to the sternomastoid muscle 
were the ones chiefly swollen and tender. All the glands involved were 
hard and discrete. Stiffness of the neck seemed to disappear with the 
tenderness of the glands and was due most probably to the latter symp- 
tom. The axillary and inguinal group were slightly enlarged and hard 
in two of the cases. None of the cases showed any signs or gave any 
history of the occurrence of suppuration of the involved glands. 

The only definite period of incubation that could be determined with 
any certainty was that of Case 7, for both the patients in the ward and 
those on the outside may have become infected at the same time from 
the same source, or later from other patients. Yet, on account of the 
varying degrees of individual resistance, the period of incubation would 
vary greatly. Patient 7 had not seen her child (Patient 6) for two 
and a half months previously, nor could she remember having been near 
any one suffering with this disease until she took her child home. This 
incubation period of twenty-four hours is, as far as I have been able to 
ascertain, the shortest one recorded. 

In all the cases observed there was injection of the pharvnx and ton- 
sils, but no exudate was present, and all the outside cases gave a history 
of an intense pharyngitis. This would seem to indicate the probable 
location of the portal of entry of the organism causing the infection 
and the finding of Staphylococcus aureus in all the throat cultures might 
mean that this was the etiologic factor. The chief objection to this 
latter assumption is that in pyogenic infections the blood usually shows 
an increase in the polymorphonuclear leucocytes, whereas in this infec- 
tion, as has been shown above, there is an increase in the small mononu- 
clear elements, both during and after the disease. Cases have been 
reported in which suppuration occurred and its non-appearance in our 
eases could not be used as an argument against the pyogenic theory of 
infection. 

A feeling of general malaise with, in some cases, a slight rise of tem- 
perature on the day preceding the enlargement of the cervical glands 
were the first symptoms noted. Later stiffness of the neck, swelling and 
tenderness of the cervical glands, thirst, loss of appetite, and consti- 
pation were the most constant symptoms. Patient 8 had chills at the 
onset. Nausea and vomiting occurred at onset in Case 7, and this, 
excepting the constipation which occurred in nearly all the cases, was 


the only svmptom indicating that possibly the disease might be due to 


an autointoxication from the intestinal tract, as has been thought to be 
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Gourichon: Thése de Paris, 1895 

Arch. Pediat., 1896, xiii, 889 
Jahrb. f. Kinderh., 1889, xxiv, 257 

Arch. f. Kinderh., 1905, xli and xlii 
Ztschr. f. klin. Med., 1907, Ixii, 170-178 
Monchau-Beuchant: Pédiatrie prat., 1908, vi, 223-22 
Kiihner: Kinder. Arzt, 1908, xix, 121-125 
Werner: Tidsshr. f. d. norske Laegefor., 1908, xxviii 
Crane: Ohio Med. Jour., 1908, iv, 143-149 
rerflinger, F. W Epidemic of glandular fever Jou 
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Jones Amer. Jour. Med. S« 1908. s« series XXXV 
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THE ADMINISTRATION OF TUBERCULIN 


E. C. L. MILLER, M.D. 


From the Research Laboratories of Parke. Davis & (: 


DETROIT 


In the ea days of tuberculin therapy the administration of larg 
doses proved so disastrous that its use was almost completely aban 
doned. Now, under the leadership of Goetsch, Sahli, Denys, Spengler, 
Wright, Trudeau, and others, it is again coming into vogue, but all seem 
to be agreed that it must be given in small doses. The purpose in giving 
small doses is to avoid a reaction, which is now recognized as harmful 
to the patient and as influencing unfavorably the subsequent treatment. 
Sir A. E. Wright does not pretend to increase his dose systematically, 
but is content if he can keep the tuberculo-opsonic index of his patient 
“above normal.” Except for Wright, most workers look on the admin- 
istration of tuberculin as a process of immunization of the patient, and 
hence as the patient’s immunity gradually increases they gradually 
increase the dose. The dose should increase pari passu with the immu- 
nity of the patient, but, as there is as yet no practical means of meas- 
uring the patient’s immunity, treatment at this point becomes difficult 
\ working compromise is usually effected by laving out for the patient 
a series of doses progressively increasing in size to be administered at 
regular intervals, the effect of each dose being watched most closely and 
the physician holding himself ready to change the series at any point, so 
as to adapt it more perfectly to the requirements of that particular 
patient 

To meet the demand for tuberculin in smal] doses for such cases 
various manufacturers, both German and American, have put out serial 
dilutions so that the physician could obtain tuberculin of a strength 
adapted to each stage of the course of treatment. These dilutions are 


usual decimal and of the following tvpe: 
First dilution, 1 to 1,000, contains | cubie millimeter per c.« 
Second dilution, 1 to 10,000, contains 0.1 cubic millimeter per cc. 


Third dilution, 1 to 100,000 contains 0.01 cubie millimeter per c. 
Fourth dilution, 1 to 1,000,000, contains 0.001 cubic millimeter per c. 


} } 


In using this series the physician would give the patient, let us 
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First dose, 0.1 c.c. of the fourth dilution or 1/ 10,000 cubie millimeter 


Second dose, 0.2 ¢.c. of the fourth dilution or 2/10,000 cubic millimete: 


Chird dose, 0.3 ¢c.c. of the fourth dilution or 3/10,000 cubic millimeter 


And so on up to the tenth dose, 10/10 or 1 ex 


of the 


fourth dilution 


containing 10 


10.000 or 


1/1,000 cubie 


millimeter. 


This amount (1/1000 cubic millimeter) is also contained in 1 10 


.c. Of the third dilution, and hence, to avoid injecting the larger quan 


en 


tities of fluid that would be necessary if the fourth dilution were usé 


} 


for larger doses, a change is made to the third dilution and the series 
continued as follows: 


Tenth 


dose, 0.1 


Eleventh dose, 0 


welfth 


° 
2 
oO 


dose, 0 


( 


eC 


( 


ce. of the 


third 


dilution 


or 1/1.000 


cubic 


millimeter 


ec. of the third dilution or 2/1,000 cubic millimeter 


ec. of the third 


dilution 


or 3/1,000 cubic millimeter 


And so on up to the twentieth dose, 10/10 or 1 ¢.c. of the third dilution, 


10 1,000 or 1 


dilution and 


100 cubic millimeter, when 


sO On, 


a change is made to the second 


On the face of it this would seem to be a series that covers 


eround nicely from the lowest to the highest desired dose. As a matter 


fact, there are objectionable features in this series, which it is the p 


pose of this paper to point out. 
The character of the 


series is best shown by plotting it as a curve 





using the days of treatment for a base line and doses for ordinates. 
Such a curve is shown in Figure 1, where the numbers on the base 
: represent days numbered consecutively from tl] eginning of treatmer 


nd the ordinates represent doses ¢ ‘pressed In iractions ol a cubic m 
meter. Dots on the curve represent injections. It is assumed that 
jection 18 given every five days and that the series is followed as 
the curve covering an interval of 100 davs and the doses rang 
m 1/10,000 to 2/100 cubic millimeters 
The most striking feature of the curve is that it is not un 
) vressive, but is broken up into portions that differ verv n 
one another. In the first section (A to B) the doses are regula 
Z nereased by 1/10.000 eubie millimeter and the total increase is 


1.000 eubic millimeter, the 
tion. When the 
nd section: B to E) the 


2/10 e.c., I 


doses being taken from the fourth 
change is made to the third dilution (ple 


very first 


1.000 to 2/1.000 eubie millimeters) is 1/1.000 eubie n 





ter, or as much of an increase in five davs in one jump as had heer 
ttained during the previous fiftv davs and bv ten stens. The se 
continues on by uniform increases of 1/1.000 cubie millimeter up t 
where another change occurs. The whole of the third section could 

tted for lack ot room, but the first step (FE to HT) s s] own. 1 

gain we have a simila the it = m FE H (1°10 
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The sudden increase of dose 
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ubie millimeter) being ; 


beginning of treatment (0 to 1 


pied 


eressive series of doses desired 


100 cubic millimeter), whic! 


Such a series as this certainly does not cffer th 
for administration to a 


120 
is great as the entire previous increase since tl 
haus ¢ ‘ 


ninety-five days and had been divided into nineteen doses 


uniformly pro 


patient so that 


the doses may increase pari passu with the resistance of the patient. On 


the contrary, we are inclined to believe that the sudden increase of dos 


with each new dilution is perhaps responsible for many of t 
it is so desirable to avoid in tuberculin t 


l 


countable reactions, which 1 


apy, 


he unac- 


Cl 


“unaccountable” because these jumps are not manifest when shown 


in figures, but only when plotted as a curve. 


‘To obtain a uniformly progressive series of doses such as we desir 
is necessary to use a geometrical progression instead of an arithmetica 
progression. Such a curve is shown in Figure i 
per cent. larger than the preceding dose. 
no sudden jumps in this curve, the interval B’ ¢ 


21,000) being covered by three doses instead 0 


corresponding interval (B C) in Figure 1. 


al 


» 


2, where each dose is 2 


~s 


It wiil be noted that there ar 
) 


in Figure 2 (1/1,000 


f the one jump in thi 


i 


At the end of the series the 


conditions are reversed and two doses are required to cover the distance 


LD) E, which in Figure 2 


series starts the large jump E H, in Figure 1, 


three doses EF’ H’. 


't should be understood that 


(1.25) and the interval (four days) were both chosen to make the curv: 


correspond as nearly as possible to Figure 1. 
2-100 cube 


{ 1,10.000 to 


of doses running trom 


time of about one hundred day 


the interval can be varied 


characteristic ¢ 
he able to stand an increase of 50 
necessary to cut the increase down 
curve would rise more rapidly, in 
inte rval hetween doses ean be 


rr it can be made a variable 


except that after ever 


that the small doses at the 


dav intervals. the 


large doses at tl 
intermediate doses ; 

Both of these curves are, 
to fe 


curve it would seem desirable 


vidual treatment. 


2 is covered in one d 


indefinitely, while st 


if the smooth geometrica 


either increased or 
Figure 
four doses the 


lower end of the 


1 


) 


it increasing intervals 
of course, only 
i 


There is. however, a 


\\ hen the third 


is covered in Figure 2 by 


lose ( LD iD 


" : 
geometrical curve the ratio 


n this 


Both curves cover a rang 


millimeters and a period 


In actual use both the ratio and 


ill retaining the valuabl 


| progression. Some patients ma 


per cent., wltle for others it may be 
to 10 per cent in the one ease th 
the other it would be flatter. Th 

decreased, as desired 
3 shows a curve similar to Figure 2 


interval is increased by one dav so 


curve are given at four 


upper end nine davs apart, and thy 


suggestive of the tyne of 
ow: each patient must be given indi 


curve ior each case, w 
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Fig. 2.—Curve showing progressive (geometrical) increase of dosage. Each 


dese is 25 per cent. larger than the preceding dose and the interval between 


doses four days 
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followed, will give the best results. The trouble is to find it. It would 
seem that the systematic plotting of the treatment of a case week by week 
as treatment progressed would, by the trend of the curve, be of value in 
suggesting further treatment; or, if a patient when brought up to a 
certain point showed signs of intolerance and an impending reaction 
<0 that it became necessary to interrupt treatment and then begin at a 
lower point, a curve of the case would show exactly the angle at which 
the critical point was approached before and would suggest the lower 
per cent. of increase which the patient might be able to keep up indefi 
nitely. 

The plotting of the curves of cases that have already passed through 
a course of tuberculin therapy might be instructive. The writer would be 
jleased to receive such curves or the case histories from which the curves 
could be plotted, and is willing to undertake the work involved in such a 
plotting in the hope that from a careful comparative study of a large 
aumber of cases some light may be thrown on the subject of tuberculin 
therapy. 

The pro lem of obtaining suitable doses for such geometrical series 
is somewhat difficult, but by no means impossible. For a 25 per cent. 
increase the following series is approximately correct: 1, 1144, 114, 2. 
214, 3, 4, 5, 6, 8 and 10. Whether these numbers represent minims or 
ienths of a cubie centimeter, the first five are too small to be accurately 
measured. This can be overcome by having part of this solution diluted 


one to four, when the first five doses will be 4, 5, 6, 8 and 10 parts re- 
spectively, of the one-to-four dilution. In this and other ways suitabl 
dilutions can be prepared for any series of doses. Physicians without 
laboratory facilities may find it convenient to have their pharmacists 
make the needed dilutions for them. 
To sum up: 

1. The serial dilutions of tuberculin now available when adminis- 

1, 2. 3. 4. 5. 6. 7. 8 and 9 tenths of a cubie centimeter. 


tered in doses of > 
or 2, 4, 6, 8, 10, 12, 14, 16, 18 and 20 minims co not give a uniformly 
progressive series of doses when passing from one dilution to the next. 

2. In administering tuberculin each dose should be larger than the 
preceding by a certain per cent. (geometrical progression) rather than by 
a certain fixed quantity (arithmetical progression). 

3. Plotting the treatment of each patient as a curve is advocated 


hecause of the light it may throw (a) on the treatment of the individual 


case and (b) on general tuberculin therapy. 

















TESTS CONCERNING TUBERCLE BACILLI IN THE 
CIRCULATING BLOOD 


E. C. SCHROEDER anp W. E. COTTON 


BETHESDA, MD. 


On Dec. 10, 1908, Dr. Randle C. Rosenberger of the Jefferson Med 
ical College, Philadelphia, Pa., read a paper before the Philadelphia 
Pathological Society on the occurrence of tubercle bacilli in the circu- 
lating blood. The paper was afterward published in The American Jour- 
nal of Medwal Sciences for February, 1909. In this paper he recorded 
that he had made microscopic examinations of the blood of 125 tubereu 
lous individuals, some of whom were affected with only incipient tuber- 
culosis, and that he had found tubercle bacilli in the blood of everv on 
of these individuals. In some cases only a few bacilli were seen, bur, 
to use his own words, “they were mostly in large numbers and clumps 
of 30 to 40 bacilli were not unusual, especially in cases of acute miliary 
tuberculosis.” From his observations he formulated the conclusion, “I? 
appears that tuberculosis in all its forms is a bacteriemia.” 

The occurrence of isolated tuberculous lesions in the bodies of other 
wise tuberculous as well as otherwise healthy individuals, located in 
regions remote from the various channels that communicate with thi 
exterior, gives the belief that tubercle bacilli occasionally float in the 
blood stream the character of a fact that is hardly open to question. 
The same is true when we consider cases of more or less generalized tu- 
berculosis with many lesions in widely separated portions of the body, and 
cases of miliary tuberculosis with innumerable lesions of approximately, 
if not precisely, the same age and stage of development. But such occa- 
sional presence of tubercle bacilli in the circulating blood is a very dif- 
ferent condition from their constant occurrence in it in sufficient num 
bers to justify the classification of tuberculosis as a bacteriemia. Hence. 
Rosenberger’s conclusion was received with considerable surprise and 
decided incredulity. 

Though the conclusion seems incredible, because it seems nearly im- 
possible that a constant occurrence of tubercle bacilli in the blood of 
all tuberculous individuals could have been overlooked by the host of 
investigators who have studied tuberculosis with technic not greatly dif- 
ferent from the one he used, we did not feel entitled to protest agains 


it without offering some specific evidence to substantiate our protest 
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Rosenberger stated that he found tubercle bacilli on microscopic exam- 
ination in the blood of every one of the 125 cases of tuberculosis he 
studied, notwithstanding that some of the cases were incipient and 
failed to show tubercle bacilli in the sputum. It was, therefore, almost 
taken for granted that the microscopic examination of blood, according 
to his method, of animals affected with advanced and long standing 
tuberculosis and animals that were expelling tubercle bacilli from their 
bodies in large numbers, would reveal at least a few tubercle bacilli. A 
considerable number of such microscopic examinations were made, but 
not a tubercle bacillus was found in our blood preparations, and we have 
to record wholly negative results with the blood of tuberculous animals 
similar to the negative results obtained with the blood of tuberculous per- 
sons in two large New York hospitals.’ ee 

It is not uncommon for virulent tubercle bacilli to be present in 
animal substances in numbers too small to serve for their detection by 
optical methods. At the experiment station of the Bureau of Animal 
Industry, for example, we found the intra-abdominal injection of guinea- 
pigs with suspected milk to be a test for tubercle bacilli that has fully 
50 times the delicacy of a microscopic examination. Furthermore, tinc- 
torir’ and optical methods of distinguishing between tubercle bacilli and 
other acid-fast bacteria are not wholly satisfactory; hence we decided 
to inject a sufficient number of guinea-pigs with blood from a sufficient 
number of certainly tuberculous cattle to show conclusively either that 
tubercle bacilli are commonly present in such blood or that thev are not 
commonly present in such blood. 

Incidentally we wish to say that Dr. Rosenberger’s work is very weak 
in the extent to which he confirmed, by animal experiments, his surpris- 
ing microscopic observations, which would be of the greatest value if 
true alone for the early and certain diagnosis of tuberculosis. In all 
he inoculated only two guinea-pigs of which he gives records—one with 
blood from a tuberculous person who was expelling tubercle bacilli per 
rectum and one with blood from a patient with acute miliarv tuber- 
culosis. 

The development of tuberculosis in the latter guinea-pig can not be 
regarded as a remarkable phenomenon; there is nothing about the fact 
that a guinea-pig contracted tuberculosis after an injection of blood 
obtained from a case of acute miliary tuberculosis that necessitates a 
modification of our currently accepted views on the presence of tubercle 
bacilli in the cireulating blood. That is to say, we need not look on 
tuberculosis as a bacteriemia because tubercle bacilli were demonstrated 


1. Editorial in Med. Ree., New York, 1909, Ixxv. 568. 
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in blood, in which we have long taken their occurrence as a matt: 
course. 

This leaves one guinea-pig that may have some eviden i 
we must not lose sight of the fact that it was injected with blood obtained 
from a person who was expelling tubercle bacilli from his body, and, 
hence, to some extent infecting his environment. We must also bear in 


mind that guinea-pigs are highly susceptible to tubercle bacilli inj 
into their bodies and that it is often impossible for an investigator wl] 


handles much tuberculous material, who is in frequent contae 


} 
} { 


t wW 


tuberculous persons and whose environment may be characterized as con 


taining tubercle bacilli, to eliminate all danger of extraneous tubercu- 


lous infection sufficiently to make a test satisfactory when he 


tuberculous cattle. In every case the blood was drawn from thi 


" 1 
t 
} SPC KS ( 


ify the tuberculous character of some material from a tuberculous 


lividual by the injection of one, and only one, guinea-pig. 
Our own tests, which follow, were made entirely with the blood of 


vein of the tuberculous animal and injected in its fresh, naturally warm 


state into the peritoneal cavity of a guinea-pig. The tuberculous cattle, 


as their records show, may be divided into four distinct lots according 


to the knowledge we have of their tuberculous condition. 


Lot 1.—¥Four cattle, the precise tuberculous condition of whi 


known because they were killed and examined postmortem shortly afte: 


i¢ 


blood was drawn from them for guinea-pig injections. 


Lot 2.—Six cattle, known to be tuberculous because they had reacted 


with tuberculin, because tubercle bacilli were found in their feces on 


microscopic examination and because their feces were proven to be 


infectious by animal experiments. 


reacted with tuberculin and because ti 


Lot 3.—Nineteen cattle, known to be tuberculous because thev had 


ibercle bacilli were found in their 


feces on microscopic examination. 


Lot 4.—Thirteen cattle, known to be tuberculous because they had 


a 


We made no attempt to treat the blood used 


\ 


ted with tuberculin. 


for the injections in 


way, because we assumed that the best results would be obtained 


with it by transferring it as rapidly as possible from the tuberculous 


cattle to the peritoneal cavities of the guinea-pigs. It was 


t earned 


from 


the injections that guinea-pigs tolerate a relatively large quantity of 
bovine blood in their peritoneal cavity. The guinea-pigs that died 


shortly after and as the result of the blood injections, about 15 per cent. 


oO] 


njected, with few exceptions showed extreme impactio1 } 


al on and some 
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inflammation of the large bowel, associated in several instances with 
invagination of the colon. 

The possibility exists that the intraperitoneal injection of from 3 
to 5 c.c. of fresh, warm blood from tuberculous cattle induces an immu- 
nity in guinea-pigs to the tubercle bacilli the blood may contain. Though 
this view is purely hypothetical and we know nothing to sustain it, we 
have undertaken an investigation to prove or disprove it, and will appenc 
the results to this article if they are ready before it goes to the printer. 

The total number of cattle from which blood injections were mad 


s 42, and these, as their records show, represent a considerable variety 


relative to the severity and extent of the tuberculous disease with which 
they are affected, from animals that would not have been suspected to 
be diseased without a tuberculin test to a cow so badly affected that a 
calf of which she became the mother, a little less than a year before her 
blood was used for guinea-pig injections, was born affected with tuber- 
culosis contracted from antepartum exposure to her tuberculous body. 

The total number of guinea-pigs injected was 104. Of these 16 died 
within a few days after the injection and no doubt as a result of it, 3 died 
of intereurrent affections, but not until a sufficient period of time had 
passed for lesions of tuberculosis to become clearly manifest, and 85 
guinea-pigs lived until they were killed after a lapse of from seven and 
one-half to eleven weeks, or an average for all of seventy days after they 
were injected. The 3 guinea-pigs that died of intercurrent affections 
showed no lesions of tuberculosis on postmortem examination, and 84 
of the 85 guinea-pigs that lived until they were killed showed no lesions 
of any kind on autopsy. One guinea-pig of the 85 showed lesions very 
slightly resembling tuberculosis, but these were proved by microscopic 
examinations and guinea-pig inoculation tests to be free from tubercle 
bacilli. 

A detailed record of the cattle and guinea-pigs used in our tests 
follows: 

RECORD OF TUBERCULOUS CATTLE AND GUINEA-PIGS 
CATTLE, LOT | 

Bull 393, general condition very good, affected with tuberculosis a year or 
more, was killed and examined postmortem on April 8, 1909. The autopsy re- 
vealed only one small tuberculous lesion located in one of the superficial inguinal 
glands. 

On Feb. 5, 1909, two guinea-pigs, Nos. 2891 and 2892, received each an intra- 
abdominal injection of 2 ¢.c. of blood from the bull. One guinea-pig, No. 2891, 
died on Feb. 14, 1909, affected with invagination of the bowel. The other guinea- 


pig remained healthy until April 13, 1909 (sixty-seven days after injection), 
when it was killed and found on postmortem examination to be free from lesions 


of disease. 
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Cow 533, general condition poor, affected with tuberculosis two years or more, 
was killed and examined postmortem on April 24, 1909. The autopsy revealed 
the following conditions; the principal lobe of the right lung contained a cavity 
about three inches in diameter, partly filled with pasty, necrotic, tuberculous 
material. This cavity was in direct communication with a large bronchial tube, 
which contained a considerable amount of material discharged from the cavity 
Sprinkled throughout the lungs generally, a number of smaller tuberculous foci, 
in a completely broken-down condition, were found. The mediastinal and mesen 
teric lymph glands and the liver were sprinkled with tuberculous foci, some of 
which were as much as one-half inch in diameter. 

Prior to the cow’s death her feces were examined microscopically on nine 
different days and on six of these days were found to contain tubercle bacilli. 

On Feb. 3, 1909, two guinea-pigs, Nos. 2859 and 2860, received each an intra 
abdominal injection of 3 cc. of blood of the cow. The guinea pigs remained 
healthy until April 13, 1909 (sixty-nine days after injection), when they were 
killed and found on postmortem examination to be free from lesions of disease. 

Cow 549, general condition poor, affected with tuberculosis several years, on 
March 27, 1908, gave birth to a calf affected with congenital tuberculosis. The 
cow was killed on April 8, 1909, and on autopsy was found to be affected with ad 
vanced, generalized tuberculosis. The lungs contained lesions varying from quite 
recent tuberculous disease to large tuberculous cavities that had discharged most 
of their contents through the bronchial tubes. 

No tests were made relative to the infectious character of the feces before 
death. 

On Feb. 3, 1909, two guinea-pigs, Nos. 2863 and 2864, received each an intra 
abdominal injection of 3 ¢.c. of blood from the cow. The guinea-pigs were killed 
on April 13, 1909 (sixty-nine days after injection), and on postmortem examina- 
tion were found to be free from lesions of disease. 

Cow 552, general condition poor, affected with tuberculosis several years, was 
killed on April 1, 1909. The autopsy revealed a fairly generalized tuberculosis 
with lesions of greater or lesser magnitude in the lungs and in the pharyngeal, 
bronchial and mesenteric lymph glands. 

Prior to the cow’s death her feces were examined microscopically on ten dif 
ferent days, and on six of these days were found to contain tubercle bacilli. 

Hogs that were fed feces from the cow contracted tuberculosis, and guinea-pigs 
inoculated subcutaneously with small masses of her feces likewise contracted 
tuberculosis. 

Guinea-pigs were injected intra abdominally with blood from this cow as fol- 


lows: 


Jan, 25, 1909, Guinea-pig 2785 received 5 e¢.c. of blood. 
Os 


Jan. 25, 1909, Guinea-pig ‘ > received 5 .¢, of blood. 
Jan, 25, 1909, Guinea-pig 2783 received 2.5 e.c. of blood. 
Jan. 25, 1909, Guinea-pi 34 received 2.5 c.c. of blood. 
Jan. 25, 1909, Guinea-pig 27 received ».c. of blood. 
Jan. 25, 1909, Guinea-pig § 2 received » of blood 
Feb. 3. 1909, Guinea-pi 286 received : cc, of blood 
Feb. » a 1909, Guinea-pi received : ».c. of blood. 
Feb. 5. 1909. Guinea pig 2889 received 2.5 ¢ of blood. 
Feb. 5, 1909, Guinea pig 2890 received 2.5 c.c. of blood 
Guinea-pigs 2786 and 2890 died prematurely as a result of the blood injections, 
and the remaining eight guinea-pigs were killed on the following dates and on 
autopsy were found to be free from lesions of disease. 
Guinea-pigs 2781 and 2782, killed March 27, 1909 sixty one days after in 


je tion). 
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Guinea-pigs 2783 and 2784, killed April 13, 1909 (seventy-eight days after in- 
jection). 
Guinea-pig 2785, killed April 12, 1909 (seventy-eight days after injection). 
Guinea-pig 2889, killed April 13, 1909 (sixty-seven days after injection). 
Guinea-pigs 2861 and 2862, killed April 13, 1909 (sixty-nine days after injec- 
tion) 
CATTLE, LOT 2 


Cow 411, general condition poor, has been affected with tuberculosis eighteen 
months or more. Microscopic examinations of the feces on seven different days re- 
vealed tubercle bacilli on three days. A hog fed with feces from the cow con- 
tracted tuberculosis. 

On Feb. 1, 1909, two guinea-pigs, Nos. 2829 and 2830, received each an intra- 
abdominal injection of 3 c¢.c. of blood from the cow. The guinea-pigs remained 
healthy until April 13, 1909 (seventy-one days after injection), when they were 
killed and found on autopsy to be free from lesions of disease. 

Cow 537, general condition fairly good, has been affected with tuberculosis 
more than two years. Microscopic examinations of the feces on fifteen days re- 
vealed tubercle bacilli on eleven days. Guinea-pigs inoculated with small masses 
of feces contracted tuberculosis. 

Guinea pigs were injected, intra abdominally, with blood from the cow as fol- 
lows: 

c.c. of blood. 
c.€. of blood. 
c.c. of blood. 
c.c. of blood. 


Feb 4, 1909, Guinea-pig 2871 received 
Feb. 4, 1909, Guinea-pig 
Feb. 19, 1909, Guinea-pig 3062 received 


Feb. 19, 1909, Guinea-pig 3063 received ¢ 


2872 received 


Guinea-pig 2872 died prematurely as a result of the injection. 

Guinea-pig 2871 was killed on April 13, 1909 (sixty-eight days after injec- 
tion), and on autopsy was found to be free from lesions of disease. Guinea-pigs 
3062 and 3063 were killed on April 13, 1909 (fifty-three days after injection), and 
on autopsy were found to be free from lesions of disease. 

Cow 538, general condition very poor, has been affected with tuberculosis two 
years or longer. Microscopic examinations of feces on eleven different days re- 
vealed tubercle bacilli on nine days. Guinea-pigs inoculated with small masses 
of feces, and hogs fed feces of this cow, contracted tuberculosis. 

On Feb. 3, 1909, two guinea-pigs, Nos. 2851 and 2852, received each an intra- 
abdominal injection of 3 ¢.c. of blood from the cow. On April 13, 1909 (sixty-nine 
days after the injection), the guinea pigs were killed and on autopsy found to be 
free from lesions of disease 

Cow 555. general condition fairly good, has been affected with tuberculosis 
more than two vears Mic roscopic examinations of feces on five different davs re- 
vealed tubercle bacilli on two days \ hog fed feces from the cow contracted 
tuberculosis 

On Jan. 30, 1909, two guinea-pigs, Nos. 2811 and 2812, received each an intra- 
abdominal injection of 3 ¢.c. of blood from the cow. Guinea-pig 2811 died pre 
maturely as a result of the injection Guinea-pig 2812 was killed on April 12, 
1909 (seventy-two days after injection) and on postmortem examination was 
found to be free from lesions of disease 

Cow 567, general condition good, has been affected with tuberculosis at least 
two and a half vears. Microscopic examinations of feces on ten different days re 
vealed tubercle bacilli on five days. A hog fed with feces from the cow contracted 
tuberculosis. 

On Feb. 4, 1909, two guinea-pigs, Nos. 2869 and 2870, received each an intra- 


abdominal injection of 3 ¢.c. of blood from the cow. The guinea-pigs were killed 
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on April 12, 1909 (sixty-seven days after injection), and on autopsy were found 
to be free from lesions of disease. 


Cow 646, general condition fair, has been affected with tuberculosis for some 


time, but it is not known just how long. Microscopic examinations of feces on 
two different days revealed tubercle bacilli on one day. Guinea-pigs inoculated 
with her feces contracted tuberculosis. 

On Feb. 2, 1909, two guinea-pigs, Nos. 2847 and 2848, received each an intra 
abdominal injection of 3 ¢.c. of blood from the cow. The guinea-pigs were killed 
on April 13, 1909 (seventy days after injection), and on autopsy were found to 
be free from lesions of disease. 

CATTLE, LoT 3 

Cow 503, general condition good, has been affected with tuberculosis at least 
two and a half years. Microscopic examinations of feces on two days revealed 
tubercle bacilli on one day. 

On Jan. 30, 1909, two guinea-pigs, Nos. 2805 and 2806, received each an intra- 
abdominal injection of 3 c.c. of blood from the cow. The guinea-pigs were killed 
on April 30, 1909 (seventy-three days after injection), and om autopsy were found 
to be free from lesions of disease. 

Cow 510, general condition fairly good, has been affected with tuberculosis 
about three years. Microscopic examinations of feces on three days revealed tuber- 
cle bacilli on two days. 

Guinea-pigs injected intra-abdominally with blood from the cow as follows 

Jan. 29, 1909, Guinea-pig 2791 received 5 
Jan. 29, 1909, Guinea-pig 2792 received 
Feb. 4, 1909, Guinea-pig 2881 received 
Feb. 4, 1909, Guinea-pig 2882 received 

Guinea-pigs 2791 and 2792 died prematurely as a result of the injections. 
Guinea-pigs 2881 and 2882 were killed on April 13, 1909 (sixty-eight days aftet 
injection), and on autopsy were found to be free from lesions of disease. 

Cow 512, general condition good, has been affected with tuberculosis eighteen 
months or longer. Microscopic examinations of feces on six different days revealed 
tubercle bacilli on four days. 

On Feb. 11, 1909, two guinea-pigs, Nos. 2823 and 2824, received each an intra- 
abdominal injection of 3 ¢.c. of blood from the cow. The guinea-pigs were killed 
on April 12, 1909 (seventy days after injection), and on autopsy were found to 
be free from lesions of disease. 

Cow 513, general condition fairly good, but with greatly enlarged throat glands, 
has been affected with tuberculosis eighteen months or longer. Microscopic ex- 
aminations of feces on four different days revealed tubercle bacilli on two days. 
abdominal injection of 3 ¢.c. of blood from the cow. Guinea-pig 2835 died prema 
turely as a result of the injection. Guinea-pig 2836 was killed on April 12, 1909 
(sixty-nine days after injection), and on autopsy was found to be free from lesions 


On Feb. 2, 1909, two guinea-pigs, Nos. 2835 and 2836, received each an intra 


of disease. 

Cow 514, general condition poor, has been affected with tuberculosis about 
three years. Microscopic examinations of feces on three different days revealed 
tubercle bacilli on one day. 

On Jan. 30, 1909, two guinea-pigs, Nos. 2815 and 2816, received each an intra 
abdominal injection of 3 ¢c.c. of blood from the cow. Guinea-pig 2816 died of an 
intercurrent affection on March 3, 1909 (thirty-two days after injection), and on 
autopsy was found to be free from lesions of tuberculosis. Guinea-pig 2815 was 
killed on April 12, 1909 (seventy-two days after injection), and on autopsy was 
found to be free from lesions of disease. 
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Cow 515, general condition fairly good, has been affected with tuberculosis 
eighteen months or longer. Microscopic examinations of feces on seven different 
days revealed tubercle bacilli on four days. 

On Feb. 1, 1909, two guinea-pigs, Nos, 2821 and 2822, received each an intra- 
abdominal injection of 3 ¢.c. of blood from the cow. The guinea-pigs were killed 
on April 12, 1909 (seventy days after injection), and on autopsy were found to 
be free from lesions of disease. 

Cow 516, general condition fairly good, has been affected with tuberculosis 
eighteen months or longer. Microscopic examinations of feces on seven different 
days revealed tubercle bacilli on four days. 

On Feb. 1, 1909, two guinea-pigs, Nos, 2831 and 2832, received each an intra- 
abdominal injection of 3 ¢.c. of blood from the cow. The guinea-pigs were killed 
on April 13, 1909 (seventy-one days after injection), and on autopsy were found 
to be free from lesions of disease. 

Cow 536, general condition poor, has been affected with tuberculosis two vears 
or longer. Microscopic examinations of feces on eleven different days revealed 
tubercle bacilli on eight days. 

On Feb. 3, 1909, two guinea-pigs, Nos. 2865 and 2866, received each an intra- 
abdominal injection of 3 ¢.c. of blood from the cow. The guinea-pigs were killed 
on April 13, 1909 (sixty-nine days after injection), and on autopsy were found 
to be free from lesions of disease. 

Cow 561, general condition fairly good, has been affected with tuberculosis two 
years or longer. Microscopic examinations of feces on nine different days revealed 
tubercle bacilli on three days. 

On Feb. 1, 1909, two guinea-pigs, Nos. 2833 and 2834, received each an injec 
tion of 3 ¢.c. of blood from the cow. The guinea-pigs were killed on April 12, 
1909 (seventy days after the injection), and on autopsy were found to be free 
from lesions of disease. 

Cow 553, general condition fairly good, has been affected with tuberculosis two 
vears or longer. Microscopic examinations of feces on three different days re- 
vealed tubercle bacilli on every day. 

On Feb. 1, 1909, two guinea-pigs, Nos. 2827 and 2828, received each an intra- 
abdominal injection of 3 c.c. of blood from the cow. The guinea-pigs were killed 
on April 13, 1909 (seventy-one days after the injection), and on autopsy were 
found to be free from lesions of disease. 

Cow 620, general condition good, has been affected with tuberculosis a year or 
longer. Microscopic examinations of feces on four different days revealed tubercle 
bacilli on one day. 

On Feb. 3, 1909, two guinea-pigs, Nos, 2855 and 2856, received each an intra- 
abdominal injection of 3 ¢.c. of blood from the cow. The guinea-pigs were killed 
on April 13, 1909 (sixty-nine days after the injection), and on autopsy were found 
to be free from lesions of disease. 

Cow 629, general condition fair, has been affected with tuberculosis at least 
one year. Microscopic examinations of feces on five different days revealed tubercle 
bacilli on two days. 

On Feb, 3, 1909, two guinea-pigs, Nos, 2857 and 2858, received each an intra- 
abdominal injection of 3 ¢.c. of blood from the cow. The guinea-pigs were killed 
on April 13 (sixty-nine days after the injection), and on autopsy were found to 
be free from lesions of disease. 

Cow 631, general condition fair, has been affected with tuberculosis at least one 
year. Microscopic examinations of feces on four different days revealed tubercle 


bacilli on one day. 
On Feb. 4, 1909, two guinea-pigs, Nos. 2877 and 2878, received each an intra- 
abdominal injection of 3 c¢.c. of blood from the cow. The guinea-pigs were killed 
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on April 13, 1909 (sixty-eight days after the injection), and on aut psy were 
found to be free from iesions of disease. 

Bull 635, general condition good, has been affected with tuberculosis over tw 
years. Microscopic examinations of feces on three different days revealed tubercle 
bacilli on one day 

On Jan, 20, 1909, two guinea-pigs, Nos. 2817 and 2818, received each an intra 
abdominal injection of 3 ¢.c. of blood from the bull. Guinea pig 2818 died pre 
maturely as a result of the injection. Guinea-pig 2817 was killed on April 12, 
1909 (seventy-two days after the injection), and on autopsy was found to be free 
from lesions of disease. 

Cow 636, general condition fairly good, has been affected with tuberculosis at 
least one vear. Mic roscopic eXaminations of feces on five different days revealed 
tubercle bacilli on two day Ss. 

On Jan, 30, 1909, two guinea-pigs, Nos. 2803 and 2804, received each an intra 
abdominal injection of 3 c.c. of blood from the cow. The guinea-pigs were killed 
on April 12, 1909 (seventy-two days after the injection), and on autopsy were 
found to be free from lesions of disease. 

Cow 638, general condition fairly good, has been affected with tuberculosis over 
two years. Microscopic examinations of feces on four different days revealed 
tubercle bacilli on all four days. 

Guinea-pigs were given intra-abdominal injections of the blood of this cow as 
follows: 


Jan. 29, 1909, Guinea-pig 2795 received 5 
‘ 
re 


Jan. 29, 1909, Guinea-pig 2796 received 5 
Feb. 4, 1909, Guinea-pig 2879 received 3 
3 


Feb. 4, 1909, Guinea-pig 2880 received ri 


Guinea-pig 2795 died prematurely as a result of the injection, Guinea-pig 2796 
was killed on April 12, 1909 (seventy-three days after the injection), and on 
autopsy was found to be free from lesions of disease. Guinea-pigs 2879 and 2880 
were killed on April 12, 1909 (sixty-seven days after injection), and on autopsy 
were found to be free from lesions of disease. 

Cow 639, genera] condition good, has been affected with tuberculosis at least 
one year. Microscopic examinations of feces on four different days revealed tuber 
cle bacilli on one day. 

Guinea-pigs were given intra-abdominal injections of the blood of this cow as 
follows: 

Jan. 29, 1909, Guinea-pig 2801 received 5 c.« 
Jan. 29, 1909, Guinea-pig 2802 received 


5 ce 
Feb. 5, 1909, Guinea-pig 2887 received 3 c.c. 
3 


Feb, 5, 1909, Guinea-pig 2888 received ce 


Guinea-pig 2801 died prematurely as a result of the injection. Guinea-pig 2802 
was killed April 12, 1909 (seventy-three days after the injection), and on autopsy 
several necrotic foci were found in the liver and spleen. The lesions were not at 
all like the conditions caused by the tubercle bacillus and microscopic examinations 
failed to reveal tubercle bacilli. Some of the abnormal tissue was used to make 
subinoculations into guinea-pigs; the subinoculated guinea-pigs failed to show 
tuberculosis. 

Guinea-pigs 2887 and 2888 were killed on April 13, 1909 (sixty-seven days 
after the injection), and on autopsy were found to be free from lesions of disease, 

Cow 640, general condition good, has been affected with tuberculosis over two 
years. Microscopic examinations of feces on three different days revealed tubercle 
bacilli on all three days. 

On Jan, 29, 1909, two guinea-pigs, Nos. 2799 and 2800, received each an intra- 
abdominal injection of 5 ¢.c, of blood from the cow. The guinea-pigs were killed 
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on April 12, 1909 (seventy-three days after the injection), and on autopsy were 
found to be free from lesions of diseas« 

Cou 2, general condition good, has been affected with tuberculosis at least 
one ye Microscopic examinations of feces on three different days revealed 
tubercle bacilli on two days. 


Guinea-pigs were injected intra-abdominally with blood from this cow as fol 


Jan. 20, 1909, Guinea pig 2793 received 
Jan, 29, 1909, Guinea-pig 2794 received 
Feb. 5, 1909, Guinea-pig 2885 received 


Fel 5, 1909, Guinea-pig 2886 received 3 c. 


Guinea-pig 2794 died prematurely as the result of the injection. Guinea-pig 
2886 died on March 5, 1909 (twenty-eight days after the injection), of an inter 
tercurrent affection; the autopsy revealed no lesions resembling tuberculosis 
Guinea-pig 2793 was killed on April 13, 1909 (seventy-three days after injection), 
and on autopsy was found to be free from lesions of disease. Guinea-pig 2885 

killed on April 13, 1909 (sixty-seven days after injection), and on autopsy 


be free from lesions of disease. 


CATTLE, LoT 4 
eneral condition fair, but with greatly enlarged throat glands, has 


been affected with tuberculosis about three years. 
On Feb. 4, 1909, two guinea-pigs, Nos. 2873 and 2874, received each an intra 
abdominal injection of 3 c.c. of her blood rhe guinea-pigs were killed on April 


13, 1909 (sixty-eight days after injection), and on autopsy were found to be free 


1 


from lesions of disease 


Bull 508, general condition good, has been affected with tuberculosis about tw: 


and a half year 

On Feb. 4, 1909. two guinea pigs, Nos. 2867 and 2868, received each an intra 
abdominal injection of 3 c.c. of his blood The guinea-pigs were killed on April 
12, 1909 (sixty-seven days after injection), and on autopsy were found to be free 


from lesions of disease 


Cow 517, weneral condition good, has been affected with tuberculosis about two 
and a half vears 
On Feb. 1, 1909, two guinea pigs, Nos, 2825 and 2826, received each an intra 


abdominal injection of 3 ¢.c. of her blood. Guinea-pig 2825 died of an intercurrent 


iffection on April 5, 1909 (sixty-three days after injection), and on autopsy was 


found to be free from lesions of tuberculosis. Guinea-pig 2826 was killed April 13, 


1900 (seventy-one days after injection), and on autopsy was found to be free from 
lesions of dis« 
r dition fair, has been affected with tuberculosis about two 


On Feb. | o guinea-pigs, Nos, 2819 and 2820, received each an intra- 


abdominal in on « } «.c. of her blood. The guinea-pigs were killed April 12, 


1909 (seventy days after injection), and on autopsy were found to be free fron 


ondition fair, has been affected with tuberculosis about one 


oh eb Nos. 2855 and received each an intra 
1 


ibdominal in blood ! y es were killed April | 
100 (sixty-nine days a the ection ul on auto \ » found to be fre« 


from lesions of disease 
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On Jan, 30, 1909, two guinea-pigs, Nos. 2807 and 2808, received each an intra 
abdominal injection of 3 c.c. of her blood. Guinea-pig 2808 died prematurely as a 
result of the injection. Guinea-pig 2807 was killed on April 13, 1909 (seventy-tw 
days after the injection), and on autopsy was found to be free from lesions of 
Ciist 

Cow 634, general condition fair, has been affected with tuberculosis at least 
one vear. 

On Jan. 29, 1909, two guinea-pigs, Nos, 2787 and 2788, received each an intra 
abdominal injection of 5 c¢.c. of her blood. The guinea-pigs were killed on April 
12, 1909 (seventy-three days after the injection), and on autopsy were found to b 
free from lesions of disease. 

Cow 641, general condition fair, has been affected with tuberculosis over two 
years. 

On Jan. 29, 1909, two guinea-pigs, Nos. 2797 and 2798, received each an intra 
abdominal injection of 5 ¢.c. of the blood of the cow, and on Feb. 4, 1909, two 
vuinea pigs, Nos, 2875 and 2876, received each a similar injection of 3 c¢.c. of blood 
Guinea-pig 2798 died prematurely as a result of the injection. Guinea-pig 2797 
was killed on April 12, 1909 (seventy-five days after the injection), and guinea 
pigs 2875 and 2876 were killed on April 12, 1909 (sixty-seven days after the in 
jection). The three guinea-pigs were found to be free from lesions of disease 

Cow 644, general condition fair, has been affected with tuberculosis four months 
or more 

On Feb. 2, 1909, two guinea-pigs, Nos. 2849 and 2850, received each an intra 
abdominal injection of 3 c.c. of blood of the cow. The guinea-pigs were killed on 
\pril 13, 1909 (seventy days after the injection), and on autopsy were found to be 
free from lesions of disease. 

Cow 645, general condition good, has been affected with tuberculosis three 
months or more. 

On Feb. 2, 1909, two guinea-pigs, Nos. 2845 and 2846, received each an intra 
abdominal injection of 3 ¢.c. of her blood. Guinea-pig 2845 died prematurely as a 
result of the injection. Guinea-pig 2846 was killed on April 13, 1909 (seventy days 
after the injection), and on autopsy was found to be free from lesions of disease 

Cow 648, general condition good, has been affected with tuberculosis an un 
known period of time. She was brought to the experiment station only shortly 
before her blood was used for guinea-pig injections and reacted with tuberculin 

On Feb. 2, 1909, two guinea-pigs. Nos. 2837 and 2838, received each an intra 
abdominal injection of 3 c.c. of her blood Che guinea-pigs were killed on April 
12, 1909 (sixty-nine days after the injection), and on autopsy were found to be 
free from lesions of disease 

(ow 657, general condition fair, has been affected with tuberculosis an un 
known period of time. She was brought to the experiment station only shortly 
before her blood was used for guinea-pig injections, and reacted with tuberculin 

On Feb, 2, 1909, two guinea-pigs, Nos. 2841 and 2842, received each an intra 
abdominal injection of 3 ¢.c. of her blood. The guinea-pigs were killed on April 
12, 1909 (sixty-nine days after the injection), and on autopsy were found to be 


free from lesions of disease 
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as with their urine, saliva, milk and other bodily secretions, would 
low as a natural consequence. Those who have carefully studied 
secretions from the uninvolved organs of tuberculous subjects know 
how rarely tubercle bacilli are detected in them, even with the applica- 
tion of the most delicate tests. 

When we consider cattle like Nos. 533, 549 and 552, three of tl 
four animals of which autopsy records are given, and note that th 
were so badly diseased that they would have been condemned on super- 
ficial examination as wholly unfit for use as food under the existing meat 
inspection regulations, the absence of tubercle bacilli from their blood 
may be regarded as a sufficient reason for assuming that the possible 
occurrence of tubercle bacilli in the blood of tuberculous animals wil! 
almost invariably be associated with pathologic conditions of a ver\ 
marked character, or that the tubercle bacilli will be present in extremely 
small numbers and will speedily be filtered out of the blood 
Cow 533 had been affected with tuberculosis two vears or longer, was 
in poor condition as a result of the disease, and on autopsy was foun 
to have an extensive, open tuberculosis of the lung, and lesions of tuber- 
culosis in the liver, and in both the thoracic and abdominal lymp! 
glands. Cow 549 was, if anything, even more severely and extensivel\ 


affected, and less than a year before her blood was injected into guinea 


pigs had given birth to a congenitally tuberculous calf. Cow 552 was 


also affected with generalized, advanced, open tuberculosis, and prior t 
the use of her blood for guinea-pig injections was found to be passing 
large numbers of tubercle bacilli from her bowels, which were proved by 
feeding tests to be virulent for hogs, and by inoculation tests to ly 
virulent for guinea-pigs. With the blood obtained from these 3 cows 14 
guinea-pigs were injected, 12 of which lived two months or more after- 
ward, until they were intentionally killed, when they were found on 
postmortem examination to be wholly free from lesions of disease of any 
kind. 

The possibility exists that tubercle bacilli introduced into the stom- 
ach and intestine by swallowing may be taken up by the lymph radicles, 
passed along the lymph channels and emptied through the great lvymp! 
ducts into the venous circulation. The investigations of Nicolas and 
Descos, Ravenel, Calmette and Guerin, Schlossman and Engle, and others 
speak for this, but such tubercle bacilli will not be very numerous and 
will no doubt be filtered out of the blood as soon as it reaches the lung 
through the heart and pulmonary arteries, to which it passes direct 


ifter it has received the lymph stream. 
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CONCLUSIONS 
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SUPPLEMENT 


In the foregoing article we made the statement: “The possibility exists that 
the intraperitoneal injection of from 3 to 5 c.c. of fresh, warm blood from tube 
culous cattle induces an immunity in guinea-pigs to the tubercle bacilli the blood 
may contain. Though this view is purely hypothetical and we know of nothing to 
sustain it, we have undertaken an investigation to prove or disprove it, and will 
ippend the results to this article if they are ready before it goes to the printer.” 
rhe results of the additional investigation are now ready and are given in this sup- 


plement 


On April 24, 1909, blood and tuberculous material were obtained from C« 33 

see record 8) for a number of guinea-pig injections. The primary object of the 
injections was to prove that the blood of a tuberculous cow, when introduced into 
the peritoneal cavity of a guinea-pig, has no retarding influence on the develop 
ment of tuberculosis from tubercle bacilli that may be present in such blood 

Cow 533 was first bled from the jugular vein and then at once killed \s soon 
as she was dead a tuberculous mediastinal gland was removed from her body and 
500 mg. of it emulsified with 2 c.c, of sterile, normal salt solution. Cover-glasses 
of this emulsion, stained with carbolfuchsin and decolorized with 20 per cent. 
sulphuric acid, on microscopic examination revealed, on an average, two tubercle 
bacilli each. The emulsion was mixed with an additional quantity of sterile, nor- 
mal salt solution, so that each cubic centimeter of the dilution represented a 
strength equal to one drop of the original emulsion. 

The blood obtained from the cow prior to her death, and the diluted emulsion 
made with the tuberculous mediastinal gland from her body, were used to inject 
seven groups of guinea-pigs, the records of which follow. 

Group 1.—On April 24, 1909, eight guinea-pigs, Nos. 3626 to 3633 inclusive, 
received each an intra-abdominal injection of 3 ¢.c. of freshly drawn, warm blood 
On May 6, 1909, guinea-pig 3627 died affected with congestion of the lungs. On 
1utopsy no lesions of tuberculosis were found. On May 27 and 28, 1909, cuinea- 
pigs Nos. 3626, 3628, 3629, 3630, 3631, 3632 and 3633 were killed and examined 
postmortem. No lesions of tuberculosis or other disease were found. 

Group 2.—On April 24, 1909, eight guinea-pigs, Nos. 3642 to 3649 inclusive 
ceived each an intra-abdominal injection of 3 ¢.c. of freshly drawn blood foll 


1.) 


is quickly as possible by an intra-abdominal injection of 0.5 ¢.c. of tubercul 
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emulsion. On April 30, 1909, guinea-pig 3642 died affected with inflammation of 
the large bowel. On May 27, 1909, guinea-pigs 3643, 3644, 3645, 3646, 3647, 3648 
and 3649 were killed and examined postmortem. Every one of the seven guinea 
pigs was found to be affected with generalized tuberculosis of the abdominal and 
thoracic organs, 

(Group 3.—On April 24, 1909, eight guinea-pigs, Nos. 3634 to 3641 inclusive, ré 
ceived each an intra-abdominal injection of freshly drawn, warm blood, followed as 


soon as possible by subcutaneous injection into the right thigh of 0.5 « of 


a 
emulsion. On May 27, 1909, guinea-pigs 3636 and 3637, and on May 28, 1909 


», 3638, 3639, 3640 and 3641 were killed and examined post 


mortem. The eight guinea-pigs all showed more or less extensive lesions of tuber 


guinea-pigs 3634, 363 


culosis at the seat of the subcutaneous injection, tuberculosis of the adjacent, 
superficial inguinal gland, tuberculosis of the pelvic, lumbar and gastrohepat ic 
glands and a sprinkling of tuberculous foci in the liver and spleen 

Group 4.—On April 24, 1909, eight guinea-pigs, Nos. 3658 to 3665 inclusive, 
received each an intra-abdominal injection of 3 ¢.c. of a mixture of defibrinated 
blood and tuberculous emulsion. Each 3 ¢.c. of this mixture was equivalent to 
0.5 ¢.c, of the earlier described, diluted tuberculous emulsion. The mixture was 
two hours old at the time it was injected into the guinea-pigs. On April 25, 1909, 
guinea-pigs 3659, 3660 and 3661 died. The postmortem examination showed no 
lesions excepting a congested condition of the lungs and a quantity of unabsorbed 
blood in the peritoneal cavity. On May 12, 1909, guinea-pig 3662 died affected with 
congestion of the lungs; no lesions of tuberculosis were found. On May 27, 1909, 
guinea-pigs 3658, 3663, 3664 and 3665 were killed and examined postmortem. 
Three of the guinea-pigs were affected with completely generalized tuberculosis of 
the abdominal and thoracic organs and one, No. 3665, with generalized tuberculosis 
of the abdominal organs only. 

Group 5.—On April 26, 1909, eight guinea-pigs, Nos. 3670 to 7 inclusive, 
received each an intra-abdominal injection of 3 ¢.c. of the same mixture of blood 
and tuberculous emulsion used for the guinea-pigs of group 4. The mixture was 
forty-five hours old at the time it was injected into the guinea-pigs. On May 27, 
1909. guinea-pigs 3670, 3671, 3672, 3673, 3674, 3675, 3676 and 3677 were killed and 
examined postmortem. Seven of the guinea-pigs were affected with generalized 
tuberculosis of the abdominal and thoracic organs and one, No. 3672, with general 
ized tuberculosis of the abdominal organs only. 

Group 6.—On April 24, 1909, four guinea-pigs, Nos. 3650 to 3653 inclusive, re 
ceived each an intra-abdominal injection of 0.5 e.c. of tuberculous emulsion. On 
May 6, 1909, guinea-pig 3651 died affected with congestion of the lungs. On May 
27, 1909, guinea-pigs 3650, 3652 and 3653 were killed and examined postmortem 
Guinea-pig 3650 showed tuberculous lesions of the spleen and omentum only and 
guinea-pigs 3652 and 3653 showed a fairly generalized tuberculosis of the ab 
dominal and thoracie organs. 

Group 7.—On April 24, 1909, four guinea-pigs, Nos. 3654 to 3657 inclusive, re 
ceived each a subcutaneous injection, right thigh, of 0.5 ¢.c. of tuberculous emul 
sion. On May 27, 1909, guinea-pigs 3654, 3655, 3656 and 3657 were killed and 
examined postmortem. Guinea-pigs 3654 and 3656 showed each a small, tuber 
culous abscess at the seat of injection, a tuberculous condition of the superficial 
inguinal gland near the seat of injection and a fairly generalized tuberculosis of 
the pelvie and abdominal organs. Guinea-pigs 3655 and 3657 showed similar 
lesions, with the exception of abscesses at the seat of injection. 

The guinea pigs in the seven different groups were injected for the following 
purposes: Group 1, to serve as checks on the absence or presence of tubercle bacilli 
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> 


tuberculous cow that was used for the investigation; Group 2 


i-abdominal injection of fresh, warm blood from a tuberculous 


can not protect against tubercle bacilli simultaneously introduced into the ab 


dominal cavity; Group 3, to show that the intra-abdominal injections of fresh, 
warm blood from a tuberculous cow can not protect against tubercle bac illi intro 
duced into other parts of the body than the abdominal cavity; Groups 4 and 5, to 
show that the blood of tuberculous cows has no special germicidal potency for 
tubercle bacilli; and Groups 6 and 7 to serve as guides relative to the amount of 
tuberculous disease to be expected in the bodies of the guinea-pigs hat were in 
jected with both blood and emulsion of tuberculous material. 

The autopsy records of the guinea-pigs show, in a general way, very little dif 
ference between the animals that received only tuberculous emulsion and those that 
received both blood and emulsion. The guinea-pigs that received both blood and 
emulsion into their abdominal cavities showed numerically more extensive lesions 
of tuberculosis than the guinea-pigs that received only emulsion into their ab 
dominal cavities. This condition would naturally be expected because the same 
number of tubercle bacilli contained in 3 e¢.c. of blood would be more widely 
separated and in better condition to start a large number of individual lesions 
than those in 0.5 e.c. of salt solution. 

Che total number of guinea-pigs injected in this supplemental investigation is 
$8. of which 8 received blood only, 32 both blood and tuberculous material 
and 8 tuberculous material only. Of the 32 that received both blood and tuber 
culous material and the 8 that received only tuberculous material, 6 guinea-pigs 
died prematurely and the remaining 34, when they were killed, thirty to thirty 
one days after the injection, were all found to be affected with tuberculosis of a 
form that would have progressed to death in a short time. 

Among the 8 guinea-pigs that received an injection of fresh warm blood with 
out the addition of tuberculous material, 1 died prematurely and the remaining 
7 were found on autopsy to be free from lesions of disease. As the cow that sup 
plied the blood for the injections was affected, as her record shows, with ex 
tensive, advanced tuberculosis, the 7 guinea-pigs make a strong addition to the 
88 parallel guinea-pigs of which the records are given in the article to which this 
supplement is attached, and hence we have 95 guinea-pigs as the total number 
that received injections of blood from tuberculous cattle into their peritoneal 
eavities. the most delicate test for tubercle bacilli available, and survived tlhe 
injection long enough for tuberculosis to clearly manifest itself Among this 
total of 95 guinea-pigs, not one case of tuberculosis developed. 

The use of an emulsion of tuberculous tissue from the tuberculous cow that 
supplied the blood for the supplemental injections was preferred to the use of a 
pure culture of tubercle bacilli, because it seemed preferable to us to use infec- 
tious material and blood in this instance from the same individual case of tuber 
culosis. 

The concel we draw from our work is this: If tubercle bacilli ever float 
in the « ilating blood of tuberculous individuals, the occurrence is very rare, 
so rare indeed t no form of tuberculosis can reasonably be characterized as 
i. bacteriemia 

Mohler examined the blood of 8 cattle microscopically and with blood from 
each of these c: e injected 5 guinea-pigs. The microscopic examinations and 
injections were made precisely in the manner described by Dr. Rosenberger No 
tubercle bacilli were discovered microscopically and not one of the 40 injected 

dent investigation relative to the occurrence of tubercle bacilli 
f cattle was made at the Federal Bureau of Animal Ih 
Mohler, Chief of the Division of Pathology 
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guinea-pigs contracted tuberculosis. Two of the 8 cattle were in good condition, 
but were passing tubercle bacilli from their bowels; 2 of the cattle were in poor 
condition and were passing tubercle bacilli from their bowels; and 4 of the cattle 


were slaughtered for meat, but on inspection were found to be so extensively 


affected with tuberculosis that it was necessary to condemn and tank their car 
casses under the federal meat inspection regulations. 

This additional investigation is especially important because the methods used 
to discover tubercle bacilli in the blood were identical throughout with thos« 
used by Dr. Rosenberger, and which, in Rosenberger’s work, invariably gave posi 
tive results. 








THE RELAPSING FEVER OF PANAMA* 


SAMUEL T. DARLING, M.D. 


ANCON, CANAL ZONE 


Publication of this paper has been withheld by the writer in order 


I 


that the animal reactions of the new world monkevs might be worked 


and also that further attempts to produce 


? 
it 


a polyvalent hyperim- 
mune serum might be made, but it is thought that the paper should now 


be published as it is, as the production of an immune serum can be much 


etter accomplished near a constant and larger supply of laborators 


INTRODUCTION 


\s Novy,’ Mackie? and others,’ in part, have pointed out, it is pos- 


sible with the means at present at our disposal to separate the spiro- 
chetes causing relapsing fever into four groups, the 
} 


based 


separation being 
on animal reactions, specific characters, such as agglutination and 


immunity, and certain clinical features of the infection in man. 


This paper deals chiefly with some of the characters of the spirochet 
ausing the relapsing fever of the Isthmus of Panama. 
lone at Ancon Hospital during the period 
February, 1908 


Rel: 


The work was 


between July, 1907, and 


ipsing fever has been reported from time to time in tl 


e canal 
zone since the American occupation in 1904. Most of the cases have 
wen from Colon Hospital, about twenty-five in number, and five from 
Ancon Hospital (Panama). They have occurred chiefly among whit 
aborers and have been distributed among Italians, Spaniards, Turks, 
Germans, S Greeks and Americans. The patients have all 


been 
seen in the wards, where the diagnosis 


has been made bv blood examina: 
ons, and they have all presented the classical features of relapsing feve1 


with two or re relapses 


*The greater portion of this investigation was read at the Canal Zone Med 
ical Association, Ancon, C. Z., Feb. 8, 1908. 


1. Novy. F. G., and Knapp, R. E Jour. Infect. Dis., 1906, iii, 291 

2. Mackie, F. P N. Y. Med. Jour... 1908, Ixxxviii, 337. 

} Uhlenhuth and Haendel Arb. a. d, k. Gsndhtsamte., 1907, xxvi, h. 1, 1 
Manteufel Arb. a. d. k. Gsndhtsamte., xxvii, h. 2, 327. 
Shellack, ¢ Arb. a. d. k. Gsndhtsamte., xxvii, h. 2, 364. 


Marchoux, E., and Salimbeni, A.: Ann. de l’Inst. Pasteur, 1903, xvii, 569. 
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Carlisle* has given us an excellent summary of the geographical dis- 
tribution of relapsing fever. With regard to America, a few sporadic 
cases and one epidemic have been reported in the United States, all of 
them being traced to recently arrived immigrants or sailors. Cases have 
been reported from Tuxpam, Mexico, a seaport between Vera Cruz and 
Tampico, and from Cuba, Peru, Chile and Bolivia. Hirsch® in 188] 
stated that nothing was known of its existence in Central and South 
America. Dr. R. Franco*® of Bogota, U. S. of Colombia, has dis- 
covered a febrile spiro hetosis, the spirochete of which, it is said, can not 
he differentiated from Sp. duttoni. Ornithodoros turichatus is though 
to be the species of tick which conveys the disease. It may be that the 
relapsing fever of Panama has been introduced from the United States 
of Colombia, where it appears to be endemic. 

There are no records of the disease having been recognized on the 
Isthmus of Panama previous to 1905. If it appeared here before that 
date it was probably called “malarial fever” or “typhus fever.” In the 
absence of an absolute diagnostic criterion many cases of ré lapsing fever 
in the past must have been confounded with typhus and malarial fevers. 

It would be disappointing to find in a disease of so wide a geograph- 
ical distribution as relapsing fever that Hippocrates? had not made 
some clinical observations, and we are, therefore, not surprised to learn 
of an epidemic occurring in. the island of Thasus, off the coast of 
Thrace, described by Hippocrates, presenting many features of resem- 
blance to relapsing fever. “The chief points of resemblance between the 
ancient and modern epidemics are the invariable occurrence of relapses, 
the marked character of the crises, and the frequent associations with 
the more ordinary events of the disease of copious perspirations, hemor- 
rhages, particularly epistaxis, jaundice and splenic enlargements.””* 

From Carlisle’s summary of the various reported epidemics and 
sporadic cases we learn that at one period relapsing fever was regarded 
as being indigenous to the British Isles. J. Warburton Begbie® gave as 
a synonym the term “epidemic fever of Scotland or Ireland.” 


4. Carlisle, R. J.: Jour. Infect. Dis., 1906, iii, 233. 
5. Hirsch, A. (see Carlisle): Handbook of Geographical and Histological 
Pathology, i, London, 1883, 

6. Blanchard, R.: Bull. Acad, Med., 1907, 5111. Abstr. in Jour. Trop. Med 


I 
and Hyg., 1908, xi, 58. 


7. Hippocrates: Epidemiorum Hippocratis, Liber Primus, Sectio Secunda, 
Status Tertius. 
8. Begbie. J. W.: Reynolds’ Svstem of Medicine, Lippincott Philadelphia, 


edition 2, i, 456. 
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Relapsing fever has frequently been associated with typhus fever and 
with the insanitary conditions which favor the development of typhus 
fever. It was recognized in Scotland and Ireland as early as 1817 and 
after several epidemics was last seen there in 1871. The cases in th 


] 


United States reported by Austin Flint occurred in 1850-51. Clymei 
at Philadelphia in 1844 recognized it among Irish immigrants there. 
It was at this time that relapsing fever was very prevalent in the British 
1 


n the United States 


did not spread very far. A few cases occurred in Washington, Mary- 


Islands, particularly at Edinburgh. The disease 


land, New Jersey and Connecticut. One case was noted in Boston. 
Flint’s cases were observed in Buffalo, where he was practicing at that 
time. Philadelphia and New York City were visited by an epidemic in 
1S6o. 

There have been numerous epidemics in Europe, occurring in Russia 
for the first time in 1833 at Odessa, a seaport. There have been epidem- 
ics in St. Petersburg, Warsaw, Moscow, Novgorod and many other places 
in Russia. The United States Consul-General’s office reports the total 
number of deaths in Russia from relapsing fever in 1901 as given by 
the Medical Department to be 2.466 out of a total of over 700,000 
deaths from infectious diseases. 

Many cases have been reported from India. H. Vandyke Carter® 
thought that relapsing fever was constantly present in Bombay. 

Germany has been visited by epidemics from time to time. Ober- 
meier’® made his observations on relapsing fever during the epidemic of 
1868-73 in Berlin. Germany has been free from an epidemic since 1880. 
One imported case was discovered in Hamburg in the person of a Per- 
sian emigrant on his way to the United States. In spite of the emigra- 
tion from Russia at present and from Great Britain and Ireland in the 
past when epidemics of relapsing fever were present, it is to be note 
that the disease has never gained a foothold in the United States. 
Relapsing fever patients are infectious for a very long period, four 
to seven weeks, throughout the entire course of the disease, giving a 
suctorial insect or acarid abundant opportunities to take on the spiro- 
ete, so that its failure to spread when introduced is strongly indicative 
that the conditions are unsuitable for the continued existence of the 
intermedia r alternate hosts—insects, acarid or rat. 

The spread of relapsing fever during the past century may be related 


to the distribution of Mus decumanus over Europe and around the world. 


®. Carter, H. \ Spirillum Fever, London, 1882 
10. Ohermeier, O Centralbl. f. d. med. Wissensch S75 P 145 ° 
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From a study of the epidemiology of relapsing fever we would expect 
] the | 


to find cases appear in seaport towns and those in interior reaches 


by emigrants or sailors from places where relapsing fever was endemic. 
Thirty-one cases of relapsing fever have been recognized in the Com- 


mission hospitals in the canal zone during three years out of about 


65,000 admissions, where blood examinations are made of every patient 
entering the medical wards. The disease here has not been confined to 


one race or nationality. 











lable 1 records certain clinical data of interest in connection with 
seventeen cases occurring during 1907: 
TABLE 1.—CLINICAL DATA IN 17 CASES 
Whites (15) Greek 1 
Americans cecebe sone set hee cues 4 Turk 1 
Germans 2 
ee ee re ee ee 4 Blacks (2) 
SD iaick wads 2 Martiniquan 1 
PD 6it.nWecnnndceeebacewsdaee 1 Antiguan 1 
AGES LENGTH OF RESIDENCE ON THE ISTHMUS 
(2 months to 3 years) 
years 1 2 months iare 1 
years 1 3 months i 
vears 1 4 months 1 
years 1 4%, months 1 
years 3 5 months 1 
years 2 & months 1 
eee 2 tl, months 4 
De SO 66.tn coun waenenesestewen 1 7 months 1 
Pe Bc ceCkenw RAS wee en eee eens 1 11 months 1 
30 years 1 15 months 1 
Oe DEE. 6h6.c%.dn kaw 1 24 months 1 
G6 FORTS cecccs 1 30 months 1 
ey  -cbrhat éd0-ataG ede ckeeenovnte 1 36 months 1 
OCCUPATIONS PLACE OF RESIDENCE ON THE ISTHMUS 
Laborers ...... 11 Colon and Cristobal , 
Carpenters . 2 Rio Grande rT 1 
Cable operator 1 Ancon dredge (suction) 1 
Sailor (dredge) 1 Gatun 7 
Engineer oe 1 Empire 1 
Unknown ..... 1 Mindi 1 
Corozal 1 


It is to be noted in Table 1 that there is a disproportionate number 


of cases among white employés—? to 1—while the number of white to 
hegro employés during the period from which the data was compiled 
was more nearly 2 to 7. The average number of white emplovés for the 
vear 1907 was 10,709, while the average number of black emplovés for 
the same period was 28,634. The seventeen cases tabulated were distrib- 
uted among natives of nine countries, who had lived on the isthmus from 
two to thirty-six months; thirteen of the seventeen patients, in all proba- 
bility, developed the disease on the Atlantic or Colon side of the isthmus, 


lor 


Pan- 


where there appear to be two foci of infection, Colon and Gatun. the 


the 


mer a seaport and the latter a village six miles from Colon on 
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ama railroad, on the site of the proposed locks, where a large number of 
laborers are quartered. 

It is not intended to discuss, at any length, the clinical aspects of 
relapsing fever, but, more particularly, to give an account of some obser- 
vations which it is hoped will throw some light on the nature of the 
micro-organism causing the fever found on the Isthmus of Panama. 

Attempts to identify the spirochete of relapsing fever by means of 
morphological and staining characters are subject to grave inaccuracies, 
for there is a fairly wide limit to the variations of length. width, num- 
ber of spirals, regularity of curvature and homogeneity in the same 
strain in different animals of the same species and at different periods 
during the infection. 

The terms “spirillum” and spirochete” are used at present indis- 
criminately when applied to the micro-organism causing relapsing fever. 
With high magnification and better methods of staining and cultivation 
it may be possible to classify the spiral-shaped micro-organism in groups 
according to size, the number and arrangement of flagella: according to 
their shape—cylindrical or ribbon-shaped; according to their pathogen- 
icity, according to their amenability to culture. 

Spirochetes are almost as widespread as bacteria. In the blood stream 
they are associated with relapsing fever in men and the spirillosis of 
geese, goats, horses, rats, mice, fowl, sheep, cows and bats. Spirochetes 
have been found in non-specific ulcers on the external genitalia, ulcers on 
the legs or body, tropical ulcers, in stomatitis and in intestinal inflam- 


mation and ulceration. They have been found at autopsy here in Pan- 


ama in most cases of gangrene of the lung and in other lesions of the res- 
piratory tract. In a case of sprue, recently, smears from a parchment- 
like membrane at the margin of the teeth showed a pure culture of spiro- 
chetes and fusiform bacilli. Spirochetes are practically always found in 
inflammatory conditions of the mouth, particularly of the gums. It is 
not uncommon to find spirochetes associated with protozoa in infections 
of the intestinal tract of man and the lower animals. 

Insects harbor spirochetes, which have been found in their intes- 
tinal tract, sexual organs and ova. Several varieties of spirochetes are 
found in natural waters, particularly in the surface pollicles of stagnant 
waters 


} 


Schaudinn" directed the attention of the medical world to a group 
of spiral-shaped micro-organisms, more especially to one member of the 


group which he has designated Treponema pallidum, and with Hoff- 


ll. Schaudinn, | and Hoffmann. E.: Gsndhtsamte., 1905, xxii, 527 
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mann, in 1905, has shown to be almost constantly present in the tissues 
of persons suffering from syphilis. The same vear Castellani’? described 
the spirochetes found in vaws. 

The spirochete of relapsing fever was discovered by Obermeier in 
1873, who observed it for the first time in 1868 while studying an epi- 
demic of relapsing fever in Berlin. Obermeier’s observations were mad: 
with the spirochete of European relapsing fever, a disease belonging to 
the general class of relapsing fevers, but one which must be differen- 
tiated from the tick-fever of Africa and the fevers of Bombay and the 


Isthmus of Panama. 
It is impossible at the present time to differentiate the varieties o 


‘ 


be 


hetes of recurrent fever by cultural methods, and it can not 


spirochete 
f distinguishing them, 


said that morphology affords an accurate means 
for in the observations on the isthmian relapsing fever the spirochete has 
exhibited considerable variation in size, length, number of spirals and 
in staining qualities. It will be necessary then to adopt as a means of 
differentiation the effects of the micro-organism on man and susceptibh 
animals—animal reactions and the effect of the serums and cells of sus 
ceptible animals on the micro-organism—agglutination, lvsis and phago 
cytosis. 

H. Vandyvke Carter published some notes in 1877 and a completé 
description in 1882 of the spirillum fever of Bombay. The disease ay 
peared in Bombay in 1877, being introduced by immigrants from famine 
districts. Carter successfully inoculated monkeys with the spirochete of 
Bombay fever. Rogers™* description of the epidemic is very much lik 
that of Welsh’* of an early epidemic in Scotland, the disease spreading 
through families and attacking clinical clerks and hospital attendants. 
According to Norman Chevers and Carter, relapsing fever has always 
existed in India. During periods of famine the mortality has been vers 
high. It is to be noted that vermin are particularly active in debilitat 
persons. 

Human tick-fever, or the relapsing fever of the Congo. was first 
observed by Livingstone’ in 1857. The etiologic factor, Sp. duttoni 


. Castellani, A.: Jour. Ceylon Brit. Med. Assn., 1905, ii, 54. 


12 

13. Rogers, L.: Fevers in the Tropies, London, 1908, Oxford Med, Publica 
tion: Henry Frowde 

14. Welsh, B.: A practical treatise on the efficacy of blood-letting, et: 
Edinburgh, 1819. 

16. Livingstone: Missionary Travels and Researches. John Murray, London 


628, 629 


1857. Chapters xix, pp. 283, 382; xxx, pp 
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r groups: 


The spirochetes of relapsing fever may be placed in four gt 


in man, 


(ifoup A The group causing a relapsing or recurring infection 
of 


monkeys, white mice and white rats, including Np. duttoni and the tick-fevet 
Africa. 

Group B The group causing a recurring infection in man, monkeys and 
white mice, but with a single paroxysm in white rats. This group comprises the 
relapsing fever of Panama and the two cases studied by Carlisle 

(iroup C.—The group causing a recurring infection in man and monkeys but 
failing to cause an infection in small rodents with blood direct from human 
sources, yet causing an infection in small rodents after a preliminary passage 
through the monkey This group includes the relapsing fever of Europe, caused 
by Sp. obermeieri 

(iroup D.—The group causing a recurring infection in man and monkeys but 
only transient infections in white rats and white mice. This group includes the 


relapsing fever of Bombay caused by Sp. carteri. 
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Fig. 1 Course of case of relapsing fever of Africa. Note the remissions and intermissions during 
These groups are also separated by differences in the clinical course 
of the respective fevers in man. The relapsing fever of Africa (Fig. 1) 
f Asia, Europe and America by ani- 
mal reactions, specific agglutination, immunity and clinical features. 
The fever of Europe (Fig. 2) is different from that of Asia and 


America in the duration of the febrile paroxysm, which is longer in the 


is sharply differentiated from that 


European type than the others, and by animal reactions and other specifi 
characters, such as agglutination and immunity. 
The fever of Asia or Bombay differs from that of America. chiefly in 


the animal reactions of the spirochete and the clinical features of the 


disease: the Asiatic fever being more fatal. 
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Furthermore, as has been determined in this investigation, there is 


an individuality to the strains of spirochetes of the same species in thi 
same locality, for an animal immunized to one strain is not immune to 
another strain from a different human source.** 

In this investigation of the relapsing fever of Panama the animal 
reactions of white mice, white and wild rats and monkeys have been 
worked out. Experiments in immunity have been carried out, parallel 
infections with Trypanosoma lewisi have been studied, and the part 
plaved by the liver in the infection has been inquired into. The specific 
nature of stains has been investigated, and the effect of certain anilin 
dyes in lowering the resistance of inoculated animals to the infection ha 


been note d. 





MARCH APRIL 





elrie 9/10 19/912 13 14/16 16 17/18 19 20/21 22 23/24 26 26/27 28 29; 30/)21 22/23 24 26 











MEME MEIMEMEMEIMEMEMEIMEMEMEIMEMEMEIMEMEMEIMEMEMEIMEMEMEIMEIMEMEIME MEME 
< 
< 
ry 
2 | 
: { 





a 
| 
Temp. conti 
« 
= 555 
— 





Bac ae MAA AVA | 



































TEMP. 





the paroxysm and the subnormal oscillations of temperature during the afebrile period 


SOURCE OF THE SPIROCHETES USED IN THIS WORK 


Animals have been inoculated from four patients, but only two of the 
strains so derived have been carried on for any length of time. The two 


strains used in this investigation will be designated as A and B. 


ORIGIN OF STRAIN A 
Patient L. G., hospital No. 33,107, from whom this strain was obtained, was 
a laborer, native of Spain, aged 39; length of residence on the Isthmus, three 
years; residence Gatun, a village in the Canal Zone, six miles from Colon, and 
one of the foci of infection. (See Fig. 3.) 


22. I have since learned that Carl Friinkel (abstr. in Jour. Trop. Med. and 
Hyg., 1908, xi, 70, from Klin. Med., 1907, p. 928) has made a similar observation 


with regard to the spirochetes of the African fever. 
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Previous History.—The patient was twice in hospital; two weeks in Colon 
Os] ital and two weeks in Ancon hospital He had not taken quinin. 

Present Iliness He has been ill four days Onset with chill followed by 
fever, since when he has had several chills and much fever. 

Clinical Notes (By D. Summersgill).—The spleen was enlarged and tender; 
lungs, glands, liver, skin, blood vessels, nervous system, urine and stool negative. 
rhe blood contained a few spirochetes. Blood was taken for animal inoculation 
Oct. 11, 1907, at 3:30 p. m., when the temperature was 102 F. Spirochetes were 
present in the peripheral blood at this time. Four cubic centimeters of blood 
from vein at elbow were inoculated intraperitoneally into a small monkey cebus 
ind 2 ¢.c. intraperitoneally in two white rats and two white mice 


ORIGIN OF STRAIN B 


Patient B. J. (See Fig. 4), from witfom this strain was obtained, was a pa- 
tient in Colon hospital; laborer, native of Turkey; age 27; residence, Gatun; 
ength of residence on the Isthmus, six and one-half months. 

Previous History The patient had been in hospital once; had had malaria 
many times; no dysentery. 

Present Iilness He had been sick three months; had swelling of feet with 
ulceration, and weakness. 

Physical Evramination ( By Dr. Brem ) Abdomen pendulous Movable tlat- 
ness in flank—indistinct fluid Mucose pale. Liver enlarged. Skin waxy. 
longue pale, flabby and coated. Lungs and glands negative. -Spleen palpable 
% em. below costal margin. Blood vessels soft. Pulse full. Heart: Presystolic 
murmur prolonged into systole, blowing and coarse, heard all over precordium 
with maximum intensity at apex; pause in aortic and pulmonary area; trans- 
mitted into vessels of neck, to axilla and towards sternum along costal margin. 
Feb, 5, 1908: Apex beat not visible. Palpable in the fourth and third inter- 
spaces, 12 em, to the left of the sternum. Soft bruit accompanying the first 
sound all over precordium. Best at apex. Blood pressure 116. 

Leucocytes, Jan. 21, 1908, 4,500: Jan. 22, 1908, 6,000. 

Red blood e« lls, Feb. 3, 1908, 4,800,000; red blood cells, Jan. 8, 1908, 3,344,000, 

Hemoglobin, Jan. 15, 1908, 70 to 75 per cent.; Jan. 16, 1908, 55 per cent.; 
Feb. 2. 1908, 69 per cent. 

Urine and stools, negative. 

Blood taken from patient's arm Jan. 21, 1908, and inoculated into two white 


its intraperitoneal] 


CILARACTERISTICS OF THE MICRO-ORGANISM 


In human blood, in the relapsing fever of Panama, there are com- 


aratively very few spirochetes seen during the paroxvsm, one to forty 


or fifty fields, or perhaps only three or four to a cover-slip. In the period 


etween paroxysms it is rarely possible to find a spirochete in the 
yy ripheral blood. In none of the cases studied here has the spirochet 
een present in what might be called considerable numbers. This ob- 
servation is another means of differentiating the fever of Panama from 
that of Europe. Blood films taken from cases of the relapsing fever of 


f spirochetes. Films from a 


Europe often show considerable numbers « 
f European relapsing fever (Fig. 2), which I have studied through 


ndness of Dr. Samuel J. Goldfarb. often show six spirochetes to 
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even dragged away down-stream with a spirochete evidently attached, \ 


ently trving to go forward, then after a pause the rotatory movement 


remains attached to it. During the pause in the rotation th 
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one oil immersion field. Such a picture is never seen in blood films fre 
cases of the fever met with here. 
The des ription ot thre spirochetes is based on observations mace 


with richly infected blood of white mice and white rats. 


MORPHOLOGY 


The movements of the spirochete are very rapid, except just before 
its disappearance from the blood stream. At this time observations o! 
the nature and character of the movements may be made, or the motions 
may be slowed down by treating a drop of blood with two or three drops 
of citrated saline solution and making a cover-slip preparation. At first 


the motion of the spirochete is violent: in two or three hours it can 


made out with great ease. Red blood corpus¢ les become segregated ana 


in the clear spaces spirochetes will have gathered and can be seen moving 


Fig, 5. Spirochetes from blood of Rat 31. seen at height of the infection. 


showing one normal double form A. one stretched out form B. and one recurved 


form C, in one cover slip preparation. 


1 


in various directions. Frequently a spirochete may be seen to be attached 


to a red blood corpuscle by an invisible flagellum; the margin of the red 


blood corpuscle then becomes pulled out and the whole cell 


distorted. 


\¢ 


always keeping nearly a red cell’s diameter away. When the red cell 


fixed, the attac hed spiro het may be sec n to rotate to the r o| a appar- 


} 


apparently reversed; this reversed movement frequently carries the spiro 


chete away from the red blood corpuscle a short distance, though it st 


ere 1S an op- 


1 


portunity to observe its outline and to determine whether the spiro te 
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is a spiral cylinder or ribbon. This question is difficult to determine 
when the spirochete is met in cross-section. During the pause just men- 
tioned some spirochetes appeared to be spiral ribbons. One appeared to 
be curved in one plane only—on the flat. In fresh citrated blood prepa- 
rations the observations were made with artificial light, Zeiss 2 and 5 
mm. objectives and 6, 8, 12 and 18 oculars. Under these conditions, 
while the various motions of the spirochetes were made out with ease, 
the impression received as to the topography of the spirochete was prob- 
ably illusory. Any one who has watched the polished balls on the gov- 


ernor of a stationary engine, when illuminated by artificial light, knows 


how by a slight effort of the will the balls may be seen to rotate to the 


right or to the left; just so with the spirochetes. One is not absolutely 
sure that it is rotating to the right or to the left, but one feels sure that 
it is rotating. Perhaps the physicists may throw some light on this mat- 
ter by telling us what the optical effect on the observer will be under, say, 
two hypothetical conditions: light from an incandescent lamp reflected 
bv a mirror through substage condenser, glass slide, blood serum, through 
the transparent body of a spirochete having a refractive index of 1 + 
and a diameter of 0.3 micron under the following conditions: (a) the 
body of the spirochete rotating in a plane transverse to the rays of light, 
the body being a spiral ribbon; (b) the body being a spiral cylinder. | 
believe the question involved insoluble by a mere inspection of fresh or 
stained specimens. 

\t the end of three hours in citrated preparations the spirochetes 
frequently appeared attached to a red blood corpuscle at one end. The 
movements of the attached spirochete cause the red blood corpuscle to 
change its outline to a very marked degree, frequently pulling it out 
into a pear-shaped body. The spirals or curves of the spirochete push 
and pull the red blood corpuscles out of contour, giving one the impres 
sion that the spirochete is possessed of great rigidity. 

Besides the rotarv movement, there is an undulating movement or 
tremor; the spirochete does not always move rapidly away from the field, 
but rather rotates and trembles in one spot and then darts off a short 
distance within the field. 

In citrated blood preparations, at the height of an infection many 
spirochetes may be seen in a prefragmenting stage; their motion is slow 
and there is a tendency to wreath or ring formation, their two extremi- 
ties becoming attached and they mav be seen to shake and tremble, the 
hody of the spirochete apparently breaking up. while the fragments are 
apparently held in apposition by a sheath or envelope. The effect is very 


much like that of an agitated chain. 
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In citrated blood preparations, the spirochetes, after a short time, are 
commonly found in the clear spaces formed by the segregation of the red 
blood corpuscles. 

The undiluted fresh blood preparation at room temperature, 76 to 82 
F., presented on one occasion, at the end of sixteen hours, about the same 
picture that the citrated blood did at the end of four hours. 


¢ 


Aerotactism, such as is observed in fresh water flagellates, was never 
noticed. Aerotactism refers to the air-hunger observed in water flage! 
lates from surface pellicles when studied in cover-slip films. These pro- 
tozoa may be found in large numbers close to the margin of air bubbles 
Agglutination is seen in fresh preparations at the height of an infe 
tion; the parasites may adhere to one another end to end or side by side 
the bodies of the Sprroc hetes are probably fastened by entangled flav lla. 
When fresh and stained preparations are made from the same drop 


f blood, the fresh specimen frequently shows all regular forms, while 


Fig. 6.—Blood from Mouse 8 rhe clear space in the middle is suggestive of 
transverse fission and the loop is suggestive of longitudinal fission 


the stained specimen may contain many bodies curved or straightened 
out. Drying and staining processes, therefore, may alter the regularity 
of contour of the spirochetes. 

In stained preparations, the length, contour, number of spirals, the 
presence of flagella and staining qualities of the spirochetes were note: 
Great variation in the regularity and number of curves was noted. In 
one film coarsely and finely curved forms were seen, as well as coars: 
and fine curves in one organism. Irregular curvatures, straightened and 
recurved forms were frequently encountered. 

Toward the end of an infection achromatic spaces in the spirochete, 
or the pretragmenting phase, were frequently seen; sometimes as many 
as four spaces could be counted in one spirochete, the length of which 
was 8 or 10 microns. These achromatic spaces are not to be confounded 


with the achromatic space which is present in the double forms, which 
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appears just before transverse fission, and is always centrally located 
and wider than the former. 

The act of subdivision was not observed. The centrally located achro- 
matic space in the double form is strongly suggestive of transverse fis- 
sion, while a very few loop forms with an apparent longitudinal split 
were suggestive of longitudinal fission. The achromatic zones are well 
demonstrated in films stained with acetone gentian violet. In these 
preparations, curiously, there is never the least semblance of a_peri- 
plast, while in the films stained with some modification of the Roman- 


owsky stain a faint line, bridging over the achromatic zone, is noted. 


Some films which were stained with Muir’s flagellum stain showed spiro- 


chetes with a single, terminal, faintly staining flagellum, its diametet 
decreasing toward its free extremity. Occasionally, in a film stained 
with acetone gentian violet, a ring form could be seen. In_ thes 
instances, in which the free extremity of a flagellum was in relation 


with the opposite end of the spirochete, a little more than one-third 


Fig. 7 Spirochete from blood of Rat 66, showing large and small curves in 
one individual, 


} 


of the cireumference of the ring would be more faintly stained than the 
rest and tapering, corresponding to a flagellum. In several of the ace- 
tone gentian violet preparations the appearance of spiral ribbons seemed 
unmistakable In double infections of spirochetes and trypanosomes 
films were stained in various ways; yet, whenever the chromatin fila 
ment of the trvpanosome was in evidence, nothing at all like this struc- 
ture could be made out in the spirochetes. A priori, why should the 
spirochete of relapsing fever be provided with a chromatin filament? 
The spirochete is a rigid spiral, staining homogeneously, in every way like 
a bacterium, never like a protozoon. Its peculiar motion is probably dw 
to rotation caused by a lashing contracting movement of the flagellum 
nducing a rotation of the bodv of the spirochete, the rotation being 
favored by its flat or ribbon-shaped contour. Its body is rigid and not 
flexuous to the degree observed in trypanosomes. The spirochete stains 
homogeneously, except just before its disappearance from the peripheral 


blood, w whromatic spaces or zones appear—the presegmenting 
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phase lt is stained purple with polychrome blues as ba are 3 
vacuolated evtoplasm with chromatin granules, such as one sees in 
tozoa, is never noticed, and it is decol zed by Gram’s method A \ 
striking characteristic of spirochetes stained by gentian violet is the 


colorization of the spirochete, either at once or after a few days, on expo- 


sure to diffuse sunlight. Films from Rat 31 colored with acetone gent 


violet stained intensely and showed the achromatic zones beautifully \ 
few days later the spirochetes were completely decolorized and could 
made out only by their sinuous transparent bodies: the red blood corpu 
cles and leucocytes, however, retained the gentian violet perfectly. \ 


similar result was observed whenever a film was stained with Muir's t 
old flagellum stain, even when it had been previously stained wit 
polvchrome blue stain 
SIZ1 
Measurements of length were made from stained preparations « 
the blood of rats and mice. Single spirochetes in which no achromat 
one could be detected measured from 7.2 to 13.2 microns. Doub! 
spirochetes having a central achromatic zone measured from 13.2 to 14 
microns. The number of complete S-forms in single spirochetes having 
# no achromatic zone varied considerably in the same film. The above 
measurements were made from spiro hetes seen in the blood of Mouse 1, 


at the first remove from man. 


ANIMAL REACTIONS 


In man the disease is characterized by recurring paroxvsms of fev 
isting, usually, from twentv-four to fortv-eight hours. The tempera- 
ture rises slowly or rapidly to 103 or 104 F., occasionally to 105 1 
There is always a chill and the access can not be distinguished by inspx 


tion from a malarial paroxysm. The duration of the first paroxysn 


not definitely known, but is probably three days. ‘The temperature 
slowly or suddenly to normal with the subsidence of symptoms, whi 
after a pel od of from three to eight davs, oftenest five or six davs, the 


is another paroxysm resembling the first and lasting about the san 


length of time. The usual number of paroxvsms is three. There ma 
be abortive paroxysms in which the temperature rises a degree or t 
above normal for two or three hours. During the febrile paroxvsms 


a few spirochetes appear in t 


i¢ peripheral hlood. Very rarelv a Spiro- 


chete may he detected during the afebrile period, The spleen is alwa ~ 
enlarged and tender; the tongue, pale and coated. Epistaxis occurs occa- 
sionally during febrile paroxvsm (during the first relapse n cast 


F =.) The pulse and respirations are accelerated dut ne Thre t¢ 
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paroxysm. Ten or twelve hours after the drop in temperature there is 
profuse sweating. Several cases were complicated by diarrhea and colitis 
with pus and blood in the stools. There have been no deaths in uncom- 
plicated cases. 
ANIMAL REACTIONS: WHITE MICE 

{mong animals the white mouse is the most susceptible. Mouse 3 
was infected with blood containing not more than one or two spiro- 
chetes. As it was found that a drop or two of infected mouse-blood was 
sufficient to infect another mouse, and as it was desired to observe the 
progress of the disease without unnecessary sacrifice of the limited num- 
ber of animals at my disposal, blood from the tail of an infected mouse 
was expressed into a Petri dish containing citrated saline solution to 
prevent clotting; this was injected into the peritoneal cavity of the next 
mouse in the series. Fifteen mice were infected in this way. 

The disease in white mice is very much like that in man. There were 


three paroxysms, during which spirochetes appeared in the peripheral 


blood. The temperature of the smaller animals was not taken on account 
of the wide normal daily variation and the influence of various undeter- 
mined factors in causing irregularities in the temperature curve and 
making its record valueless. The temperature of the larger animals- 

goats, monkeys and dogs—was found to vary similarly. 

The number of paroxysms, number of spirochetes in the blood and 
the period of incubation depend on a number of factors. The period of 
incubation by the method of inoculation used varied from twenty-four 
hours to six days. Mouse 3, inoculated from Mouse 1 with five drops of 
tail hlood containing one spirochete to 500 fields, showed one spirochete 
in 100 fields after a period of twenty-four hours. Mouse 13 was inocu- 
lated from Mouse 12, when the blood from No. 12 showed no spirochetes 
in 500 fields. The period of incubation in No. 13 was five days and 
the infection was a typical one with three paroxysms. 

Vouse 1 was inoculated directly from the patient during his second paroxysm. 
No spirochetes were seen until the third day, when there were two to a field. 
Two c.c. of uncitrated blood were used to infect Mouse 1. The infection was un 
usual, inasmuch as the period of incubation, in spite of the large amount of 
blood used, was prolonged, yet the spirochetes remained constantly in the ani- 
mal’s blood, without intermission, for ten days, when death occurred. Continuous 
infections have been observed in two animals, a white mouse and a black rat. 
The issue was fatal in each case. During the course of the infection in Mouse 1 
there was a high degree of polychromatophilia, basophilic granular degeneration 
of the red blood cells, leueocytosis and a marked diminution in the number of 
red blood cells. Dyspnea and convulsions occurred before death. At autopsy the 
spleen was greatly enlarged and there were two encysted larval tapeworms 

Echinococcus murinum) in the liver. The day before death spirochetes were 
rapidly increasing in the peripheral blood, there being 10 per field, with consider- 
able agglutination The mouse, therefore, died at the end of a paroxysm. (See 


chart of Mouse 1, Fig. 8.) 
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VWouse 2, inoculated intraperitoneally with 2 ¢.c. uncitrated blood directly from 
patient, had five and possibly six paroxysms with recovery. There was a marked 
remission during the first paroxysm, and as the blood was not examined on Oc 
tober 15 it is not known whether spirochetes were absent on that day or not. 
(See chart of Mouse 2, Fig. 8.) 

Vouse 3, inoculated from Mouse 1, had a period of incubation of twenty-four 
hours and four paroxysms. 

VYouse 4, inoculated from Mouse 2, had a period of incubation of forty-eight 
hours, only two paroxysms, and died six days after the disappearance of spiro 
chetes from the peripheral blood. At autopsy the spleen was not much enlarged, 
and spirochetes were absent from the peripheral blood. During the progress of 
the infection there was much polychromatophilia and basophilic granular degen 
eration of the red blood cells. This basophilic granular degeneration has probably 


been mistaken for the resting forms of spiro hetes. See chart of Mouse } 
Fig. 8.) 

VYouse 6, inoculated from Mouse 1, had three paroxysms and died three days 
after the disappearance of spirochetes from the peripheral blood. (See chart of 


Mouse 6, Fig. 8. 

Vouse 9, inoculated from Mouse 3, had a period of incubation of 48 hours, two 
paroxysms, and was accidentally killed thirteen days after second and last 
paroxysm, during which period paroxysms were absent from the peripheral 
blood. See chart of Mouse 9, Fig. 8.) 

Vouse 12, inoculated from Mouse 6, had a period of incubation of forty-eight 
hours and three paroxysms, while spirochetes remained absent thirteen days after 
the last paroxysm. (See chart of Mouse 12, Fig. 8.) 


The amount of blood used to inoculate these animals was about 
drops. This was caught in a sterile Petri dish containing 5 c.c. of 
sterile, citrated, normal saline solution, and injected immediately intra- 
peritoneally. 

The spirochete counts were made from smears on cover-slips stained 
with Leishman’s or Hasting’s stain. A field was that which was obtained 
by a Zeiss 2 mm. objective and No. 6 ocular. When spirochetes wer 
sparse at least 300 fields were counted: frequently 500 or a thousand; 
sometimes, three or four films. 

It will be noted that in the initial paroxvsm there is a greater num- 
her of spirochetes per field per day and the duration of the paroxysm 
is somewhat longer than the subsequent ones. The first paroxysm lasts 
about three days. The period between the first and second paroxysm is 
from four to five davs. The second paroxysm lasts from two to three 
days; this may be followed by an intermission of four or five davs, and 
followed by a third relapse lasting one, two or three days. 

In severe infections the period of intermission between relapses may 
be shortened to one day. During the relapses the mice are slightly indis- 
posed and take little food. After taking the blood films or removing 
blood for inoculation the tails of some infected mice bled profusely and 
required an application of collodion. 

Mouse 1 lost considerable blood, which probably helped to cause some 


of the blood changes noted above and may have influenced the characte) 


of the infection and the fatal issue. 
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Of the deaths in mice all but two occurred several days after spir 
chetes had disappeared from the peripheral blood. One of these had, in 
addition to the heaviest infection noticed in mice, a profound anemia 
Most of the dead mice had encysted larval tapeworms (Echinococcus 
murinum) in the liver. 

An attempt was made to ascertain if there was a definite or constant 
periodicity in the relapses which might be correlated with a life evecle of 
the parasite, the period of which might be suggested if the paroxysm- 
appeared on similar days in the original animals and in those subinocu 
lated from them; there was, however, no conformity between such parox- 


vems. (See Fig. 8, chart of group paroxysms.) 


ANIMAL REACTIONS: WHITE RATS 

The infection in white rats is characterized by a single paroxysm 
lasting two or three days followed by the rapid disappearance of spiro- 
chetes from the blood stream. The disappearance is not complete, as 
will be shown later, but it is rarely possible to demonstrate spirochetes 
in the peripheral blood twenty-four hours after the height of the infe 
tion. 

The period of incubation in white rats depends on the number of 
spirochetes injected, among other factors. When minimal amounts o 
tail blood are injected the period of incubation is from two to five days 
When larger amounts of heart’s blood are used spirochetes may be dem- 
onstrated sixteen to eighteen hours afterward. 

Ve ripheral] (tail) blood uniform], requires a longe! yy riod than 
heart’s blood to produce an infection, and it may be possible that bodies 
antagonistic to the multiplication of the spirochetes are present in larget 
quantities in peripheral blood than in heart’s blood. 

Several rats were examined during periods of 14, 15 and 16 days 
after the paroxysm for the presence of spirochetes, but none were eve1 
demonstrated, save in one case—Rat 37—when one atypical, straight 
ened-out, swollen form was seen on the third dav after the height of 1 


infection. 


When minimal amounts of infected peripheral blood were injected 


spirochetes would appear, usually after two or three davs, in small nun 
hers—viz.: one spirochete to from 13 to 500 fields. On the following 
day one spirochete to two fields might be counted. after whi { 


would Immediately disappear. 
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PABLE 3.—COURSE OF INFECTION IN RAT 22 


Inoculated Lx 4, 1907, a. m., from the tail blood of Mouse No. 17, when this blood 
contained one spirochete to 100 fields, about 15 drops of blood being used 
12/ 5—) spirochetes in 300 fields 0 spirochetes in 300 fields 
12 4) spirochetes in 300 fields 0 spirochetes in 300 fields 
0 spirochetes in 300 fields 
0 spirochetes in 300 fields 
0 spirochetes in 300 fields 


6 
12/ 7 spirochete in 300 fields 
2 ° 


12 1 spirochete in 2 fields 
12/ 9—0 spirochetes in 300 fields 
12/10-—0 spirochetes in 300 fields 


— tet th 
fotoirstote 
et ht et et 
~le och = 


he injection of larger quantities of heart’s blood, or more severely 
infected blood from rats, was followed by the appearance of one spiro- 
chete to 25 or 100 fields within twenty-four hours, and after forty-eight 
hours from 25 to 100 spirochetes in 100 fields. At the end of seventy- 
two hours there was either complete disappearance or the presence of 
spirochetes in numbers of from 1 to 7 or more per field. On the fourth 
day, or at the end of ninety-six hours, it was extremely rare to find spiro- 
chetes in the peripheral blood. Rat 20 had one spirochete per 100 fields 
on the fourth day of the infection. Ordinarily the paroxvsm lasted 
three days. (See Table 4, showing course of infection in Rat 20.) 

The duration of the paroxysm and the number of spirochetes appear- 
ing in the peripheral blood of the inoculated rat do not depend entirely 
on the number of spirochetes injected, as the following experiment 
shows: 

TABLE 4.—CoURSE OF INFECTION IN Rats 19 AND 20 

Inoculated 11/26/07 from heart's blood of Rat 18 Rat 18 had one spirochete 
to 500 fields when examined in the a. m When examined six hours later, at time 
of death and subinoculation of Rats 19 and 20, there were two spirochetes to 100 fields 
in heart's blood 

Amount inoculated 0.3 c.c Amount inoculated, one-third as much 
as Rs No. 19, or 0.1 cc 

11 1 spirochete to 50 fields ‘ 1 spirochete to 33 fields 

11/28—1 spirochete to 25 fields 2 1 spirochete’ to 6 fields 

11/29—2 spirochetes to field 29—1 spirochete to 1 field 

11/30—0) spirochetes to fields } 1 spirochete to 100 fields 

12/ 1—* spirochetes to 300 fields 2/ 1—0 spirochetes to 300 fields 

Fourteen daily successive examinations Fourteen daily successive examinations 
were made without finding spirochetes were made without finding spirochetes 
his experiment Rat 20, receiving at time of inoculation one- 
as much infected blood as Rat 19, had a slightly severer infection 
onger paroxvsm. 

White rats may appear very slightly indisposed for half a day during 
the paroxysm. Only one death occurred; this was after the disappear- 
ance of spirochetes from the peripheral blood and was due to pneumonia. 

White rats were infected directly from two different human sources, 
and in both instances the period of incubation was forty-eight hours, 
although large amounts of blood were used—?2 c.c. and 5 ¢.c. of undi- 
luted blood. 

It is to be noted that during the course of the infection there are 
from thirty to fifty times as many spirochetes in rat’s blood as in man’s 


blood. 
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WILD RATS 


The gray rat (Mus decumanus), when kept in small cages for con 


venience in handling, does not survive captivity and the rather rougli 
handling necessary in making inoculations. 
brought to the laboratory and confined in small cages dik 


variety 


within a few days; consequently they were not suited for a study of t 


infection. 


Most of the rats of this 


} 
tls 


The black rat (Mus rattus) may be kept for weeks and months in 


small cages. 


Several black rats have been inoculated, and, as these rats 


were harboring Trypanosoma lewisi, an opportunity was offered for 
studying the parallel infection of trypanosomes and spirochetes. 


Wild Rat 
Mouse 5 and died on the third day. 
ing the three days. 

Wild Rat 25 was inoculated 
per 100 fields, using citrated 


from 


heart’s blood. 


Rat 24 


5 was inoculated intraperitoneally with one drop of blood from 
Spirochetes were not found at any time dur 


latter had 8 spirochetes 


mild continuous it 


when the 
This rat had a 
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Fig. 9.—Parallel infection of spirochete and trypanosomes. 


fection lasting six days, after an incubation period of seventy-two hours. 


occurred at the end of the sixth day. 


This ob 


Death 


servation may have some importance 


on account of the possibility of a suctorial intermediary host conveying the spiro 
chete from a rodent having a slight continuous infection to man 


Wild Rat 56 was inoculated from 


tat 51 


when the latter had 250 spirochetes 


to 100 fields, using citrated heart’s blood injected subcutaneously at the base of 


the tail. 
of twenty-four hours. 


ANIMAL REA 


The infection in monkevs of the old world, genus 


TIONS: 


This rat had an infection lasting three days after an incubation period 


MONKEYS 


is sim 


Macacus 


ilar to that in man and white mice, inasmuch as there is more than on 


paroxysm. 

Vacacus 65 was inoculated on 
spirochetes to 100 fields, using citrated 
oculated intraperitoneally 


mained in the peripheral blood three days, 


February 


heart’s 


4 from Rat 


blood. 


One 


when No, 63 


of blood 


was 


1° 
in 


reappearing for three days in about the same numbers as in the first paroxvsn 


There was a slight diarrhea noticed 


after the 


sec ond 


paroxyvsm 


During ear 


Spirochetes appeared after twenty-four hours and re 
disappearing for five days and then 
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paroxysm there was some bleeding from the gums near two carious, upper, mid- 


from the gums contained spirochetes. The animal did 


dle incisors This blood 
not appear sick at any time during 

The blood changes were slight polychromatophilia of red blood cells with some 
These were noticed after the 


the course of the disease, 


granular degeneration. 


tine and coarse basophilic 
first paroxysm 

\t the beginning of the second paroxysm there was a slight drop in the tem- 
perature followed by a rise of 4 degrees above normal to 106.4 F. The tem- 
perature was only slightly altered during the first paroxysm and was not greater 
than the variations noted during health. (See Fig. 10.) 


ANIMAL REACTIONS: VARIOUS 


\ turtle, pigeon, frog and guinea-pig resisted an infection by infected 


rat’s blood, which would have heen sufficient to produce the disease m 
from human sources 


ogs and a goat were inoculated 
resulted. it 


white rats. ‘Two d 
with blood obtained during paroxyvsms, but no infection 
ble to infect these animals if larger amounts « 


mM ult have heen POsSsID le 





FEBRUARY 
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Fig. 10.—The spirochetal and temperature curve in Macacus 65. Note that 


re were only two paroxysms and that the temperature was not disturbed dur 


ing the first one 


have been used, but the number of 


al rat's blood could 
iad 


severely niect« 
disposal was so small that the greatest economy | 


white rats at m\ 


to be exercised in subinoculations. 


\ raccoon has also resisted infection 

Novy and Knapp have shown that in the reactions of spirochetes and 
eir hosts certain substances are produced which help to cause the dis 
ippearance of the spirochete from the blood and establish a qualified 
mmunity against subsequent infections 
is evident that some change is taking 


] 


an intection it 
irregularly eurved forms 


Stretched out and 
ichromatie zones. The movement of the 
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spirochete is less rapid, prefragmentation and chain formation 
ticed and agglutination alwavs occurs. Agglutinins and lvsins 


doubtedly formed, but there is not a complete dissolution of t 


chete at this time. The sheath or periplast always appears t 


in organisms seen in the blood stream. It is the interna 


the spirochete that become fragmented (Fig. 11). Besides 
spirochete apparently is not completely broken up 
blood stream, for fragments are never seen there, either 


tvpe of leucocyte. If, however, as was observed by Levaditi and 


lian,** with the spirochete of tick-fever, we sacrifice an anima 


height of an infection or a day or two later, it is possible, by L 


silver impregnation methods, to demonstrate that the d 


the spirochetes from the blood stream has been due to tl 


VW 


ll Spirochetes from blood of Rat 31 seen at height of infectio 
ragmentation of the protoplasmic substance, and an intact sheath 


} 


they have been engulfed by endothelial cells lining the 


Throughout the liver large. swollen endothelial cells may bh 
cytoplasm dotted with spirochetes in all stages of fragmentation 
the appearance of the spirochetes within the endothelial cells 
able that they are engulfed whole and that separation of tl 


, 
occurs In the ( 


the peripiasts. 


23. Levaditi and Manouélian ‘ “In Pasteur, 107, xn) 
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174 RELAPSING FEVER OF PANAMA 
The spirochetes disappear very rapidly from the peripheral blood 
after the height of the infection, but the disappearance is not complete, 
for on three occasions it has been possible to intect rats when no spiro- 
chetes could be demonstrated in films of the infective blood. In these 
instances the blood used was taken about twenty-four hours after the 


apparent disappearance of parasites from the peripheral circulation. 


Fig. 12.—Endothelial cells from capillaries of the liver showing phagocyted 


spirochetes from Rat 26 killed at height of infection which had lasted three days. 


Levaditi pyridin preparation. 


Section of liver of Rat 26, showing two endothelial cells of a capil 


Fig. 13 
Levaditi pyridin preparation. 


lary, containing phagoevted spirochetes. 


The following experiments illustrate this point: 

Rat 57 was inoculated from Rat 55 when the latter had no spirochetes in 500 
tields Spiro hetes appeared in the blood of No. 57 four days after inoculation. 

Rat 47 was sacrificed when spirochetes had disappeared from the peripheral 
blood, which was injected into Rat 48, spirochetes appearing in the blood of Rat 


48 on the sixth day, at the same time another rat, 49, was inoculated with an 
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emulsion of a portion of No. 47's liver in citrated saline solution; spirochetes ap 
peared in No. 49's blood after an incubative period of four days, or two days less 
than in No, 48. 


In this last experiment it is to be noted that the liver emulsion, al- 


though containing but traces of blood, the animal having been previous|\ 
bled to furnish heart’s blood for the inoculation of Rat 48, was mor 
infectious than heart’s blood from the same animal. 

This experiment is interesting in view of the phagocytosis of spiro- 
chetes by liver endothelial cells. These experiments, besides showing 
the infectiousness of decline blood or of postdecline blood, show that 
phagocytosis plays an important part in the bodily defence. 

If suitable emulsions containing liver endothelial cells can be pre- 
pared, it might be possible to demonstrate the production of specific 


opsonins during the infection. 


IMMUNITY 

During the course of the infection in white mice, white rats and 
wild rats a protective mechanism is developed which brings the infection 
to a close and confers a qualified immunity against a subsequent attack 
The protective mechanism is one largely of phagocytosis, aided, as 
shown by Novy and Knapp, by specific agglutinins and lysins. The 
actively acquired immunity in white rats has lasted as long as forty-one 
davs in individuals of the same strain. White mice have remained im- 
mune to the same strain sixty days; in fact, all attempts to reinfect 
animals with the same strain as that from which they were infected have 


failed, as the following experiments illustrat 


Active Immunity: Mice 

Vouse 16 (inoculated December 20 from Mouse 14 with blood containing 1 
spiroc hete to 38 fields) was formerly Mouse 3: spirochetes had been last seen in 
the blood November 7 or thirteen days previously. The immunity was sufficient 
to protect, spirochetes not being found in the blood during thirteen daily ex 
aminations 

Wouse G1 (inoculated January 28 from Rat 59 when No. 59 had 18 spiroechete- 
to 10 fields, using citrated saline heart's blood intraperitoneally) was formerly 
Mouse 13, having had spirochetes in its blood for the last time on November 30 
The immunity was complete, as No. 61's blood failed to show any spirochetes du 
ing subsequent daily examinations continued for nine days. 


Active Immunity: Rats 

Rat 43 (inoculated December 24 from Rat 38, when No. 38 had 420 spiro 
chetes to 100 fields, using citrated heart's blood intraperitoneally followed by 10 
drops saline solution of orcein) was formerly Rat 27, having had spirochetes in 
his blood for the last time December 16. The immunity was complete, spirochetes 
failing to appear in No. 43's blood during the nine days subsequent to the last 
inoculation 

Rat 58 (inoculated January 25 from Rat 57 which had 3 spirochetes to 100 
fields, using citrated saline heart's blood intraperitoneally was formerly Rat 45 
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having had spirochetes in his blood from December 29 to 31 inclusive. The im 
munity was complete, spirochetes failing to appear during thirteen days. 
Rat 60 (inoculated January 28 from Rat 59 when No, 59 had 18 spirochetes 


to 10 fields, using citrated heart’s blood intraperitoneally) was formerly Rat 33, 
having had spirochetes in his blood from December 16 to 18 inclusive. The im 
munity was complete, spirochetes failing to appear during ten days. 


SPECIFIC CHARACTER OF STRAINS 

The immunity conferred by one strain of spirochetes is not sufficient 
to protect against a second strain of the same species having a different 
origin. For example, I found that, while it was impossible to reinfect 
white mice or white rats with strain A, the one used to infect them 
originally, it was possible to infect them by using strain B. The his- 
tory of these two strains has been given above. Strain A was obtained 
from Case 3 Oct. 11, 1907, during the antepenultimate paroxysm, passed 
through 16 white mice and about 50 white rats. Strain B was obtained 
more recently from a case occurring in Colon Hospital. Blood was 
drawn during the penultimate paroxysm and has been passed through 
8 rats and one mouse. The chief differences between the strains consist 
n tl F that B was more recently obtained from its human host 
and that it has had a shorter residence in animals. Clinically the 
patients supplying these two strains had the isthmian type of fever. 
Morphologically there are no differences between the two strains of 
spirochetes. Parallel inoculations of strains A and B into animals 
immunized to A have been made, with the result that animals which had 
recovered from an infection by A could be infected by B, vet would be 
immune to A. The period of incubation was sometimes prolonged and 
the number of spirochetes few; vet, on the other hand, the infection by 
6 in two animals immunized to A was prompt and severe, and in one 
Rat 67—the infection by A in an animal immunized to B was also 
prompt and severe. 

In this experiment a rat infected by and presumably immune to 
strain B was promptly infected by strain A nine days after the disap- 
pearance of strain B. This proves that the difference in the activity of 
the strains is not one of relative virulence, but is due to there being 
specific strains with specific immunizing powers. This is the most 
important fact developed in the course of the investigation and is of 
the greatest value in connection with any attempts to derive a curative 


or preventive serum: it is suggestive in explanation of the fact men- 


tioned by Vandyke Carter and others that one attack of relapsing fever 


does not confer a hig gree of immunity, for an individual becoming 
nfected by one strain in a given locality might well non-immune 


with regard to other strains in that locality. 
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INFECTION AND IMMUN 
January Mouse 17 
Mouse B-8) inoculated from B-5 when B-5 
had 14 spirochetes to 100 fields. using 

citrated heart's blood intraperitoneally 

20—No spirochetes in 300 fields 

No spirochetes in 300 fields 

No spirochetes in 300 fields 

4 spirochetes in 100 fields 

spirochetes in 100 fields 

2 spirochetes in 100 fields 

No spirochetes in 300 fields 

No spirochetes in 300 fields 

No spirochetes in 300 fields 

1 spirochete in 200 fields 

Sacrificed 
In this experiment the mouse, while hav 
ing an actively acquired immunity to 
Strain A, was infected by Strain B. Con 
trolled by Mouse 61 (13) 
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raABLe 8.—Course or INFECTION IN RATS B-3 (36) AND B-4 


January 24, Rat 36 (which became Rat January 24, Rat 37 (which became Rat 
B-3), inoculated with Strain B from Rat 4) inoculated from Rat t-1 when 
B-1 when B-1 had 8 spirochetes to 1 field, 1 had S&S spirochetes to 1 field, using 
using citrated heart's blood intraperito- citrated heart's blood intraperitoneally 
neally 

1/25—18 spirochetes to 10 fields 


BR 
, 
I 


1 43 spirochetes to 10 fields 

1 10 spirochetes to 1 field 

L/% No spirochetes to 300 fields 

1 No spirochetes to 300 fields ; 
died. 

Furthermore a rat (B-2) immunized to strain B was inoculated eight days 

after the disappearance of spirochetes from his peripheral blood, with spirochetes 


from Rat 53, strain A. The rat became infected within twenty-four hours and 


experienced a moderately severe infection, 


TABLE 9.—CowuRSE OF INFECTION IN RAT B-2 


B-2, inoculated Jan. 24 from No. B-1 when the latter had 8 spirochetes to 1 
using citrated saline heart's blood intraperitoneally 
2 spirochetes to 1 field 1/31 No 
20 spirochetes to 1 field 2 No spirochetes to 300 fields 
No spirochetes to 300 fields 


1 

No spirochetes to 300 fields 2/2 

No spirochetes to 300 fields 2/ 3—No spirochetes to 300 fields 
4 No spirochetes to 300 fields 


spirochetes to 300 fields 


No spirochetes to 300 fields y 4 
No spirochetes to 300 fields 


TABLE 10.—CoOURSE OF INFECTION IN RaT 67 (B-2) 


2/4—Inoculated Rat B-2 (which became of 5 spirochetes to 100 fields 
Rat 67) from Rat 63, Strain A, 2/6—i spirochetes to 100 fields 

when the latter had 210 spiro 2 32 spirochetes to 100 fields 

chetes per 100 fields, using citrated 

neck blood intraperitoneally 


PASSIVE IMMUNITY 
Two attempts have been made to produce passive immunity by the 
subcutaneous injection of blood from a convalescent animal a moment 


after infected blood had been injected intraperitoneally. 
Vouse 17, inoculated December 23 from Mouse 13, when the latter had one 
spirochete in 10 fields. Immediately afterward blood was drawn from the tail 
of Rat 7, formerly No. 1, 0.5 ¢.c. of blood being used and injected subcutaneously. 
Rat 7, formerly No. 1, had been infected with human blood strain A October 11, 
and was subsequently inoculated with blood from infected Mouse 2. This quan- 
tity of blood from an animal which had recovered was not sufficient to prevent 
a severe infection in Mouse 17 with three paroxysms after an incubation period 
of four days 
Rat 45, inoculated December 27, from Rat 41, when the latter had 450 spiro 
chetes to 100 fields; inoculation intraperitoneal followed by a subcutaneous in- 
jection of 5 drops of heart’s blood from Rat 31, whose blood had been free from 
spirochetes for nine days. This quantity of blood from a convalescent was not 
sufficient to prevent Rat 45 becoming infected after a period of forty-eight hours. 
Blood from convalescents, therefore, in the quantities used is of 
no value in preventing an infection. The period of incubation, however, 
as in Rat 45 and Mouse 17, may be prolonged. 
In these experiments very large amounts of infected blood were not 
used in the attempts to infect or reinfect animals. Only that quantity 


! which was amply sufficient to cause the disease in a susceptibl: 


Was User 
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non-immune animal. When very large quantities of blood are used t 


through the blood stream of 


contained spirochetes become disseminate: 
the inoculated animal; they are merely diluted and their presence does 


not positively mean that they have multiplied within the blood stream. 


HYPERIMMUNITY: PREVENTION 
A goat has been gradually hyperimmunized, in addition to its natural 
immunity, by successive injections of infected white rat’s blood, contain- 
ing strains A and B, and one injection of blood from human source 
(Case 1). In all, 11 subeutaneous injections of infected blood have been 


given from three human sources 


TABLE 11 INOCULATIONS RECEIVED BY GOAT 





Inoculation Blood From Inoculation Blood From 

7/31, 1907—Lindoff, Case 1 1 2, 1908—Rat 46, Strain A 
12/ 6, 1907—Rat 21, Strain A 1/11, 1908—Rat 49, Strain A 
12 1907—Rat 24, Strain A 1/16, 1908—Rat 51, Strain A 
12 1907—-Rat 26, Strain A 1/24, 1908—Rat B-1, Strain B 
12 . 1907—Rat 38, Strain A 1 28, 190S—Rat 59, Strain A 

12/27, 1907—Rat 41, Strain A 


Serum was collected from this goat February 6, 5 p. m., placed in a 


refrigerator at 51 degrees F. until the following afternoon, when it was 
used in the two following experiments : 


Wouse 68, inoculated February 7, 3 p. m., from Rat 66, which had 90 spiro 
chetes to 100 fields, using citrated peripheral tail-blood, 2 drops intraperitoneally, 
followed immediately by an intraperitoneal injection of 5 c.c. of hyperimmune 
goat serum. Spirochetes appeared in Mouse 68 on February 13, 2 spirochetes to 
100 fields, or after the prolonged incubation period of six days. Most of the 
mouse’s red blood corpuscles were diminished in size, strongly resembling goat’s 
red blood corpuscles ; the larger red blood corpuscles showed considerable poly 


chromatophilia and fine granulations, but no basophilic granulation was noticed. 


TABLE 12.—CoURSE OF INFECTION IN Mouse No, 68 
Date of 
Inoculation Notes, 
1908 
February 
February 8 
February 9 
February 10—No spirochetes in 400 fields; most of the red blood corpuscles are small 
goat size, and the larger ones show polychromatophilia and granular 
degeneration—no basophilia 

February 11 No spirochetes in 300 fields Red blood corpuscles same as on the 10th 

February 12—No spirochetes in 300 fields. Polychromatophilia increased; 60 per cent 
of the r. b. ¢. are polychromatophilik R. b. c. increasing in size 

February 13 2 spirochetes to 100 fields 

February 14—24 spirochetes to 100 fields 

February 15—No spirochetes to 300 fields 

February 16—No spirochetes to 300 fields Polychromatophilia still marked R. b 
normal size 

February 17 2 spirochetes to 100 fields 

February 18—-16 spirochetes to 100 fields 

February 19—-12 spirochetes to 100 fields Polychromatophilia diminishing Z's 
normal size Died Spleen enlarged Autopsy otherwise negative 





Ist RELAPSING FEVER OF PANAMA 


Pauite 13.—Course oF INFECTION IN Mouse 69 
I» 
In ! Notes 
Tihs 
be " 7 4 mi.) From Rat No, 66, when the latter had %) spirochetes to 100 
ds, using 2 drops of citrated tail-blood, followed by a subcutaneous 
niection O.7 e. hyperimmune goat-serum 
be i s 
Februa '—No spirochetes in 300 fields 
he iry i No spirochetes in 300 fields Blood shows many small goat-size r. b. ec 
The larger normal size corpuscles are polychromatophilic and finely 
granular 
February 1 No spirochetes in 300 fields 
February 12—No spirochetes in 300 fields 
Fel iry 1 “0 spirochetes in 100 fields 
February 14—No spirochetes in 400 fields 
he ry No spirochetes in 300 fields 
Felt irv i¢ No spirochetes in 300 fields Polychromatophilia still marked R. b. ¢ 


normal size 
Februa 17 } spirochetes to 100 fields 
Februa 1s 12 spirochetes to 100 fields 
Feb I 1” 1 spirochete to 300 fields 
February 20—No spirochetes to 300 fields. Polychromatophilia much diminished. R. b. ¢ 
normal size 
February 21 1 spirochete to 300 fields 
February 22 No spirochetes to 300 fields and none in 5 successive daily examinations 


In this experiment the period of incubation was greatly and equally 
prolonged in both mice, although Mouse 68 received about seven times 
as much serum as Mouse 69, and this intraperitoneally. Mouse 68 died 
during the second paroxysm, while Mouse 69 had a light primary 
paroxvsm and a very mild secondary paroxvsm. There was consider- 
able blood destruction in each mouse. The supply of rats became 
exhausted at this time, so that it was not possible to increase the immu- 
nizing substances in the goat serum. <A serum of this strength and char- 
acter, in the quantity used, apparently merely prolongs the period of 
incubation, for, after the injection of the hyperimmune serum, the 
immunizing substances are very possibly slowly eliminated or rendered 
nert: the spirechetes then multiply as in an animal receiving a min- 
imum amount of infected blood without the addition of immune serum. 

It was necessary to use white mice in this experiment so as to 
avoid excessive hemolysis, the goat having been immunized with infected 
white rat’s blood, which had rendered the goat serum hemolvtie for the 


red blood corpuscles of the white rat. 


HEREDITARY IMMUNITY 


No opportunity arose for making observations on the immunit. 
resulting from infection through the placenta. 
PREVENTION BY VACCINATION 
The results of experiments on the immunization of rats and mice 


with strains A and B show conclusively that curative or preventive 


+ oll ] 


all, must be obtained bv the inoculation of several! 


is. Polvvalent serums must be used and the question arises as t 
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therefore, in the quantity used can not destroy an actively acquired 
immunity. 
PARALLEL INFECTION WITH SPIROCHETES AND TRYPANOSOMA LEWISI, IN 
MUS RATTUS 

There is no striking modification of a trypanosomal infection in rats 
by the parallel infection with spirochetes, nor, on the other hand, ave 
the spirochetes affected by the presence of trypanosomes. In one instance 
(Rat 56) the trypanosomes increased at equal pace with the spirochetes, 
but the trypanosomes remained in the blood continuously for weeks 
after the spirochetes had disappeared. (See Fig. 9, chart of parallel 


infection of trypanosomes and spirochetes. ) 


TRANSMISSION OF RELAPSING FEVER 


The transmission of African relapsing fever by means of infected 
ticks, Ornithodoros moubata, from monkey to monkey was accomplished 
by the late T. Everett Dutton and John 8. Todd of the Liverpool School 
of Tropical Medicine in 1904. During the next year infected ticks were 
sent to Liverpool, and from these ticks monkeys were infected. Dutton 
and ‘Todd ‘were also successful in transmitting the spirochetes by the 
bites of young ticks newly hatched in the laboratory from eggs laid by 
infected parents. 

Breinl, Kinghorn and Todd were unsuccessful in tl 


eir attempts to 
transmit Sp. duttoni or Sp. obermeiert from monkey to monkey by 


means of bedbugs. ‘The analogous disease in fowls, as determined by 


Marchoux and Salimbeni,** is transmitted by a tick, Argus miniatus. 
In an interesting note concerning the earliest mentioned epidemics 
in Great Britain Begbie quotes Welsh, who wrote from Edinburgh in 


1819, as follows: 


When acting as a clerk in the Royal Infirmary, in the course of four months 
my three colleagues, two of the young men in the apothecary shop, two house- 
maids and thirteen or fourteen nurses caught the disease and the matron and one 
of the dressers died of it. Since I left the Infirmary three more of the gentlemen 
acting as clerks, one of the young men in the shop and many more of the nurses 
have caught the infection. When it begins in a family we always expect more 
than one of them to be affected. I could mention instances of 4, 5, 6 and 7 
being sent to the hospital out of one family; 8, 9 and 10 out of one room; 20 
and 30 out of one stair and 30 and 40 out of one close, and this all in the course 
of a few months. Hardly any of the nurses, laundry-women or others coming in 
contact, either with the patients or their clothes, have escaped. At one time 
there were 18 nurses off duty from the fever. It appears sufficiently remarkable 
that, as specially noted by Dr. Connant in 1843 and 1844, laundry-women en- 
gaged in washing the clothes of the sick, though never brought into direct com- 


munication with the patients themselves, suffered frequently from the disease. 


24. Marchoux, | ind Salimbeni, A Am. de V'Inst. Pasteur, 1903. xvii. 569. 
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\fter reading the accounts of epidemics of relapsing fev ) 
with our knowledge of the mode of transmission of t fever and s 
osis In wl and Mackie’s observations in hh i ne il , S 
thi " ‘ I it the spirochetes o mu ca ( sing ( ‘ eve 
nechank Or } in nterrie i 1Os 1 ( erson ao} a1 
torial insect or acarid—tleas igs. ticks ce or mosq es | 
disappearance of relapsing f I ne } 11s t¢ ‘ eNSsive . 
demics from some loca es, such as Sx land and Irelar ’ 
of the disease te assume anv extens character in the United States 

, nd certain other places after nti uction, and the nitation 

; : } } 

% cLisease frequently to recentiv arrived immigrants or s; rs and to sea 

{ port or neighboring towns, point strongly to a suctorial insect as the 

H agent of transmission, and render it | probable that the conditions 

4 , ' 

“ for the existence of this host are not favorable in the United Stat 
and certain other places, either due to the fact that the suctorial : 
does not survive, or that it does n ssess a suitable alternate at 
subsist on when man is not availabl 

There is no evidence to prove the necessitv of contact as in svp < 
or in dourine or m de cot, the trvpanosomal diseass f ses trans- 
WEE , , - 
mitted during copulation. Inoculation is accomplished with ease. 
two laboratories where animal! inoculations have been made with Np. dul- 


font and Sp. obermeiert two nvestigators and three assistants have bee 


infected through an abraded skin during an autopsy on ais ( 
infected monkey and by the bites of infected monkeys. Reeen Mackie 
of Bombay s made an important contribution to our knowledge of th 





j Walt > ™ cent. ta n trom the scant niects Iris Ward an 1:5 
per cent. of artificially fed lice showed multiplication of spirilla in 





internal organs. 
Attempts have heen made at the aboratorv here to niect anim 
d by means of ticks, but all efforts hav een unsuccessiul, \t ft 


gestion of Mr. C. L. Marlatt, of the Department of Agriculture. several] 


specimens of Amb/yomma were tried with rats. These ticks. Amb/y 
" + 7 ] } 

omma dissimile, taken from iguanas, and Amb/yomma. « nnense. take 

from dogs, have long biting parts an are dislodged from the Is 


25. During excursions out into the bush and jungle. I find that specimens of 


imblyomma (species undetermined) larval and adults, readily attach themselves 
and feed voraciously. 
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tomary host with difficulty, but they are probably too large to be used in 
the transmission experiments with rats. 

The ecto-parasites of rats are generally quite small, fleas, mites and 
small ticks. The common dog tick of Panama, Rhipicephalus texranus, 
has shorter biting parts and is more easily dislodged. This tick will at- 
tach itself to rats, but unless the rat is immobilized the ticks are rapidly 
killed and eaten. 

CONCLUSIONS 

The relapsing fever of Panama is distinct from the analogous fever 
of Africa, Europe and Asia, although belonging to the same general 
class. 

The micro-organism causing the local relapsing fever belongs to th 
group containing Sp. obermeieri, Sp. duttoni and Sp cartert. 

This spirochete causes a recurring infection in man, monkeys (genus 
Macacus) and white mice, and single paroxysms in white and wild rats. 

a 


lhe animal reactions are similar to those obtained by Norris, Pap- 


penheimer, Fleurnoy, Novy and Knapp, with the organism erroneously 
identified by the latter two as Spirillum obermeiert. 
The blood of animals very recently recovered from an infection and 


1 


that between paroxysms, where spirochetes are apparently absent from 
the peripheral blood, is infectious, and by analogy this affords a valu- 
able means of diagnosis of the fever in man during the afebrile period 
by the inoculation of susceptible animals, mice and rats with patient’s 
blood. 

There is considerable variation in the morphology of the spirochete 
in the same strain and sometimes in the same smear. 

Identification of spirochetes can not be made with certainty on mor- 
phologic grounds. 

The mechanism of defense is largely that of phagocytosis by hepatic 
endothelium. 

Infected animals sacrificed at different stages of the infection show, 
as the disease advances, an increasing number of fragmented spirochetes, 
engulfed by endothelial cells of the liver. 

In animals which had recently recovered from an infection a liver 
emulsion is more infectious than heart’s blood. This suggests the prob- 
able vitality and unity of fragments. 

Infection by one strain of spirochetes is followed by a considerable 
degree of active immunity for that strain, but such immunity is not 
potent against another strain from a different source, although of the 


same species and from the same locality but from a different human host. 
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For the production of preventive and curative serums p 


sera derived from all the strains will probably be necessary. 


The blood, in moderate amounts, of subjects which have re 


yf no value in preventing infections in white mice and white rat 


Relapses may be explained by the multiplication of spiro 


out-of-the-way places where they do not enter the portal elreuls 


can not be engulfed by liver endothelium. 


] 


\gclutination of spirochetes occurs at least twentv-four hou 


he crisis In rats in vitro and in vivo. 
This spirochete is probably a spiral ribbon and not a spira 
The group of spiral-shaped micro-organisms needs reclass 
a basis of morphology, pathogenity and habitat. 
] ] 


} 
This spirochete is more closely related to bacteria than to p 


The réle of the spleen is similar to that observed in anemia. 


With suitable emulsions of liver substance and immune 


should be possible to demonstrate spe ific opsonins. 

The natural mode of infection is probably by means of 
mediary host—some suctorial insect or acarid, either directly o1 
f an alternate host, such as a wild rat or other susceptible an 


I wish to express my indebtedness to the following gentlemen tf 
courtesies: 

fo Drs. Sommersgill and Brem for calling my attention to cases 
for animal inoculations and for clinical data; to Major Ronald R« 
Breinl and Dr. 8S. J. Goldfarb for temperature charts, and to Col, W 
and Lieut.-Col. J. L. Phillips for permission to publish 





\ CASE OF STOKES-ADAMS’ DISEASE 


PHEODORI BARRINGER, JR.. M.D 
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resting tleatur similar instances of 


several int 
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been reported, 
wksmith was admitted to the wards of the fourth medical 


¢ Hospital, suffering from acute gout, involving the kne¢ 


Ile had had several previous attacks of gout and twenty 


ith well-marked secondary symptoms He had used 


He also complained of attacks of vertigo and 


irs 
An obese man, five feet seven inches tall, somewhat 
is in the fifth left interspace, 
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The tracing- vn in Figures 1 and 2 were taken from the ApeN beat, live 


rters It will be seen that the auricular rhythm bears no constant 


imd radial arte 
the patient is suffering from com 


to the ventricular rhythm; that is 


relation 
\t the time these particular records 


turiculoventricular dissociation 

iuricular rate was 69 and the ventricular rate 39 per minute 
auricular liver pulse is unusual in cases of heart-block and is 
nothing to do with the essential heart lesion 


cidence, having 
it to be due, in a majority of 


s doubtful Mackenzie believes 


stenosis. 
remained unaer treatment for several months During this 
ittacks of vertigo and two syneopal attacks, once falling and 
Unfortunately, he was not seen until some minutes after 


l ould not tell if thev were preceded by a slowing 


of complete dissociation continued for a week after admis 
ually disappe ired, the pulse increasing through several days 


80 per minute. After a few days of normal rate the block 
few days His longest period of block 
weeks (in 


lv and persisted a l 


longest period of normal rate was three 
to be expected, the tracings showed a_ partial block 
During his normal period the auriculoventricular 


ethened, and the auricular liver pulse persisted 
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\tropin has been used by a number o servers cases | ( . 
block to test the degree of dissociation. Its usua serve ule « 
action is as follows: In complete block the auricula ite 
ncreased, while the ventricular rate is practically uninfluenced ! : 
tial blo K,. Where some ot the aurn ar nN SPS pass over To the ! 
é tricle, atropin increases the auricular rate, and therefore the 1 
3 transmitted auricular stimuli, and so the ventrik r rate Ph 
explanation of this action of atr nist t it pa es tl termi! 
cardiac filaments of the Vagus nerve, wi ! resuma r st on mh the 
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fluence the venti cle only indirect » Prov ded, of course, that the auricu- 
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- loventricular bundle is capable of transmitting the pulse 
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, Tabora!t has shown, however. in the course of some experiments { 
the action of dig talis on dogs. that the \ wus Me ‘ is } rked] 
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Fig. 3.—Tracing showing auriculoventricular dissociation. 
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Fig. 4 Diagram from Figure 3; upper lines, reconstructed c¢ waves; lower 


lines, reconstructed a waves. 
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Fig. 5.—Tracing taken after administration of atropin 
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bundle showing marked variations in its conductivity, ought to be ver 
favorably influenced by atropin, which would remove this inhibitory 
vagus effect. This experiment was accordingly carried out. 

The tracing shown in Figure 3 was taken at 2:10 p. m. For five days 
previous, a condition of partial or complete block had existed, the pulse vary- 
ing between 40 and 50 per minute. This shows a complete dissociation, with a 
ventricular rate of 39 and an auricular rate of 59 per minute. The absence of 
relation between auricular and ventricular systoles is recognized more easily 
in the diagram (Figure 4) constructed from the tracing 

At 2:12, 1/50 grain of atropin was given by hypodermic injection. At 2:27 
the pulse rate had increased to 61, and at 2:47 the tracing shown in Figure 5 
was taken. 

This shows an absence of block with auricular and ventricular rate of 74 
to the minute. That evening the radial pulse was 44 per minute, and for the 
next thirty-six hours from 44 to 48 per minute. 


This experiment supports the view that the vagus nerve influences 
the conductivity of the auriculoventricular bundle. It shows, moreover. 
that atropin can not always be depended on to determine whether a 
block is complete or not. Tabora’ also demonstrated in his experimental 
work that vagus action alone can not produce dissociation: an additional 
factor is necessary, either anatomical change in the auriculoventricular 
bundle or a damaging of its conductivity. 

Consideration of this experimental work, together with the age of our 


patient, his arteriosclerosis, and the history of syphilis, make it probable 


that there was some morphological change in the auriculoventricular 
bundle. The inhibitory action of the vagus on the damaged bundle de- 
creased its conductivity so much further that the varying degrees of 
dissociation were produced. 

I am indebted to Dr. Alexander Lambert for the privilege of report- 
ing this case. 

34 West Eighty-fourth Street. 
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BOOK REVIEW 


A TREATISE ON DIAGNOSTIC METHODS OF EXAMINATION. By Prof. Dr. H. Sahli, 
of Bern. Edited, with additions, by Francis P. Kinnicutt, M.D., Professor of 
Clinical Medicine, Columbia University, New York; and Nath’l Bowditch Pot 
ter, M.D., Visiting Physician to the City Hospital and to the French Hos 
pital, and Consulting Physician to the Manhattan State Hospital, New York. 
Philadelphia and London: W. B. Saunders & Co., 1905. Octavo of 1008 pages, 
profusely illustrated. Cloth, $6.50 net; half morocco, $8.00 net. 

The early appearance of a second American edition of Sahli’s Diag- 
nostic Methods is evidence of the usefulness and popularity of this excel- 
lent work, the special strength of which lies probably in the fact that, 
as pointed out by the author in the preface, it is not a mere compilation. 
One may indeed turn to most of the sections and find a good discussion 
of diagnostic methods by a wise and experienced observer. It is a well- 
rounded work in which the personal experience of the author is evident 
at many points. 

Nothing could be sounder than the remarks on percussion (page 154) 
and the statement that “ . . . the percussion note which is loud 
enough to be heard at considerable distance is generally faulty.” The 
observation on page 265 apropos of auscultation of the heart that “we 
should always auscultate the patient in different positions, particularly 
standing and lving down,” is too often forgotten. 

A large section (pp. 397 et seq.) is devoted to a detailed description 
of the Sahli-Seiler butyrometric method of examination of the gastric 
functions. ‘The terminal section on diseases of the nervous system is 
extensive and useful. 

The book is so well known that an extended review is not necessary. 

Professor Sahli has been happy in the editors of the American edi- 
tion. The translation is good, the remarks which have been added by th 
American editors are often helpful and many of the new illustrations 
are excellent and real additions to the work. 

A few minor notes of suggestion or criticism may not, however, be 
out of place. 

It is a pity that a more thorough description of the venous pulsé 
should not have been included in the section on examination of the heart 
and vessels, and again, although in the supplement some of Wenckebach’s 
work has been reviewed, one misses the judicious summary of modern 
researches so valuable in other parts of the work. 
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the cardiogram (p. 29S) Is not what m ght lye 


p. 
rather surprising (pp. 177-8) that so good an observer 


ould fail to recognize the ease with which the right heart 
d by careful percussion in most cases. Indeed, the dia- 
grams on these two pages are not wholly in conformity one with another 

The illustration introduced by the American editors on page 181 is 
hardly happy. In the experience of the reviewer percussion has never 
siven so obtuse a cardio-hepatic angle excepting in pericardial effusions. 

M. Huchard would probably be somewhat surprised to find himself 
ferred to on p. 260 as “von Huchard.” 

It would be well if the terminology of animal parasites should be 
brought into concordance with the now recognized rules of zodlogical 
nomenclature. ‘There would seem to be small reason to-day for the doubt 
expressed on p. 435 as to the pathological significance of Strongyloides 
stercoralis which Is here called incorrectly Anquillula intestinalis and 
stercoralis. Again, it would have been well for the American editors to 
point out the rarity of Tania solium in the United States, 

In the section on examination of the blood no mention is made ef 
the very valuable modifications of Romanovysky’s stain, such as Leish- 
man’s, Wright’s and Hastings’. 

The reviewer can not agree with the author in his advice that th 
term “‘Hodgkin’s disease” he dropped. The observations of Dorothy Reed 
would seem to justify the classification of this variety of disease of the 
lvmphatie apparatus as an entity either as Hodgkin’s disease or lym- 
phadenoma., 

It would have been wise to omit all reference to exploratory puncture 
in appendicitis (p. 725) or to condemn it unreservedly. 

There are many, assuredly, and among these is the reviewer, who will 

at in this otherwise excellent translation a somewhat prevalent 
but most unlovely fashion has been followed of omitting the terminal 
“al” from certain adjectives. Such adjectives as “cylindric,” “anatomic,” 
“tropic,” “symmetric,” “hysteric” and the like do not beautify or sim- 
nlifv the English language. But these are small criticisms of an excel- 


lent work—one of the best existing manuals of diagnosis. 





THE EFFECTS OF CUTTING THE BRANCH OF THE HIS 
BUNDLE GOING TO THE LEFT VENTRICLE * 
LEWELLYS F. BARKER, M.D., ano A. D. HIRSCHFELDER, M.D. 


BALTIMORE 


The idea that under certain conditions the two ventricles do not beat 
absolutely synchronously is an old one, and was used by C. J. B. Wil 
liams and by Skoda’ to explain the production of split heart sounds. 


Experimental evidence of this asynchronism was given in 1890 by 


Philipp Knoll,? who showed that the right ventricle contracted before 


the left during vagus stimulation. Knoll’s experiments were confirmed 


by Léon Fredericq® (1906) and his pupil Stassen* (1907). The latter 
showed that if ventricular extrasystoles were produced while the vagi 
were being stimulated, the ventricle in which the extrasystole was pro 
duced contracted 0.02 to 0.03 second before the other ventricle. 

The idea that under certain conditions the zaction of the two ventri 
cles might be so completely dissociated that a contraction of the on 


might be said to occur without the contraction of the other, was pro- 


posed by von Leyden® in 1868 to explain a case of arrhythmia, in which 
one small beat followed a few tenths of a second after the regular beats 

Von Levden believed that the large heat corresponded to systole o1 
one ventricle, the small beat to svstole of the other. Indeed, his curves 
showed that, though the first of the two beats gave a larger impulse 


over the apex, the second of the two gave a larger impulse over the right 


ventricle. Von Leyden’s explanation has been questioned by Riegel, 
From the Medical Clinic of the Johns Hopkins Hospital and University 

1. Williams and Skoda, quoted from von Leyden 

2. Knoll, Philip: Ueber Incongruenz in der Thiitigkeit der beiden Herzhiilften 
Sitzungsb. d. k. Akad. d. Wissensch. Math-naturw. Cl Vienna, I890. xeix 
31-53, 6 
3. Fredericq, Leon: La pulsation du ceur du chien est une onde de ec 
tion, ete. Arch. internat. de physiol., 1906, iv, 60 

4. Stassen, M.: De lordre de succession des différentes phases de la pulsation 
cardiaque chez le chien Arch. internat. de physiol., 1907, v, 600 

5. von Leyden, FE. Ueber ungleichzeitige Kontraction beider Ventrike \r 
f. path, Anat., IS68, xliv, 365 

6. Riegel, F Zur Lehre von der Herzirregularitiit und 
Thiitigkeit der beiden Herzhiilften Wiesbaden, 189] 
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In 1907 Kraus and Nicolai” reported a case in which they believ 

} comple ssoclation of the ventricles was present: and claim to 

7. Hering, H. 1} Pseudo-Hemisvstole und postmortale Hemisvstole Deutsch 
med, Webnsehr 103. XNIN, SSI 

8. Helsingius, ©. 1 Zur Frage der Levdensceien Hemisvstolic Deutsch 3 
med. Webnsechr 14, NNNDE, 1406 j 

0% Kraus, F.. and Nicolai, G. | Ueber das Elektrocardiogramm unter nor 3 
nalen und pathologischen Verhiiltnissen Berl. Klin, Webnsehr., 1907. xliv, 765 

Leber di funktionelle Solidaritat det hbeiden Herzhilften Deutsch med 
Wehnseht 1908, xxxiv, | 


Se eed 


velit 











etd 


ave 
nm WwW 
nN 

Yn 
ons 


LEWELLYS 


I 


= Vi { ’ ClEect 
hot ublished the 
eats appearer 
I 
Lin ipex or t 
jug r traci 
waiTiie ) SVstToles 
‘ nterva etTweel 
eran iWiations 


BARKER i 


i) 
i 


HIRNT 


HEELDI 


a 





into the right ventricle an 
itrio-ventricular bundle 1s 
irrow shows the directiol 
Wi ive found that 
, 
rishes ) Professo 
eal sappears at the 
Ss ‘ ne of us tha 
~ qt) i rhe 
lO. ble lett \. W He 


4 [he ventricles 


viewed trom above 


t} 


‘ smite tylikele 


showing tl 


i curved 


bundle in 


ess TeSsen 


ARCHIVES 


INT 








106 CUTTING THE BRANCH OF THE HIS BUNDLE 


“ Wu, iT 
the Heart Muscle.” in which he carried the idea of incoédrdination one 


step farther and voices Wenckebach’s view that “not the whole ventric! 


is contracting, but only certain parts of it.” This explanation seems 


I 


thus far devoid of physiological basis. MacCallum has shown that very 


arge portions of the left ventricle can be thrown out of function by 


njection of alcohol into its substance without aifecting the codrdination 


of the chambers or even the blood pressure. On the other hand, the only 
definite experimental evidence of incoédrdination in the fibers of the ven- 
tricles is seen in the well-known phenomenon of fibrillary contractions 
during which the cireulation absolutely ceases and the blood pressure 
invariably falls at once to zero. Moreover, all of Schmoll’s curves admit 
of interpretation in accordance with the well known types of phlebo 


gram, without assuming an interventricular block. 


RV Before After 


e same vear, published an article entitled “Ataxia of 





LV 


KIN, 


a ' —_ * A  ' LA. A A "= 





Fig. 3.—Contractions of right (RV) and left (LY) ventricles recorded by the 
myocardiographs before and after cutting the left branch of the atrio-ventricular 
bundle lime in seconds. 


{ 


The subject of interventricular heart-block, therefore, seemed worthy 
of experimental investigation. Several months prior to Hewlett’s pub- 


eation one of us had attempted to cut the left branch of the HH bl 


sundle in the upper part of the ventricular system by introducing a 
nife thre the wall of the ventricle and cutting into the septum, in 
i hope of blocking the cardiac impulse to the left ventricle but not to 
the right 


The number of experiments tried was too small to be conclusive, but 
no st incoordination was produced. During the past winter we at 


tempted to carry on these experiments with an improved technic. The 


contractions of the ventricles were recorded by means of two mvyocardio 
eraphs. This apparatus (Fig. 1). made according to the suggestion of 
Dr. Dozier, of San Francisco, consisted of a double-ended tambour 2.5 

11. Schmoll. 1 \taxia of the Heart Muscle Am. Jour. Med. Se., 1908, 
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OF THE HIS BUNDLI 


CUTTING THE BRANCH 


otid artery and aorta. (During its passage the knife-blade was pro 

ted bv a cal wv sound, from which it was then extruded.) This 

thod was unsatisfactory. since it was difficult to do more than nick 
€ Walis OL the septum 

! mbout 3° mn in width was then used: it was 

ross ri4 V4 


tive eft wall of the venti aus near as 
T t 


ntroduced ft {! 
e mid-line, al i septum was cut bv a drawing stroke, pressing 
il eo thie nite to the eft while draw ne t toward the operator 
in this wavy ol successful operation was performed, However. ‘ 
mal partial cute had been made, In We the anterior and posterior 
parts of the septum were nicked, but the middle portion of the septur 
eft uninjure t became evident that the interventricular septum must 
sume a concave form (with coneavitv toward the left) during svs 
ole. This was overcome by introducing a long curved needle into the 
possible to the septum 


the right ventricle as near as 
ior wall, and penetrating th 


following along the septum to the poste! 
latter The right ventricle was thus impaled on the curved needle and 
of the septum converted into a con 


f the left aspect 


knife-cut was hefore it was 


the coneavity « 


2). When the 


VeXItTV { Fig. . 


now made as 


much more often successful. 
In all, fourteen operations were performed, in five of which the 
His bundle was cut without injury to the right. 
| experiments this was followed by 


successful 


branch of the 


| 


In all but one of the 
complete atrioventricular heart-block, but both ventricles contracted 
he hronousl\ ( Fig >). The rhythm Was the slow, regular, independ nt 


In these experiments several cuts were made, and tl 
so that it can not be stated 


ventricle rhythm. 
branch and the 


beating 


con ple te hlo« kk was due to thre 
or was merely a terminal phenomenon. 


heart stopped after a few minutes, 
whether the section of the 
trauma to the re bundle, 

In one experiment, however, in which only a single cut was made 
hanged and no block was 


the ventricular rate remained entirely un 
ously even after removal from 


present The heart continued to beat vias 
the body. The left branch of the A was cut through (Fig. 4). but the 
septum was not pierced and the right branch was absolutely intact 
(Fig. 5). 
From the clinical and pathological side our experiments have the 
further confirmation that Saigo’? found fatty degenerations and patches 
| h of the bundle in many eases in 


it branch ol 


litis affecting the left 


tf mvocat 
12. Saigo Die Purkinjéschen Muskelfasern bei Erkrankungen des Mvocards 
Gesellsch, Jena... 1OOS, xii, 165 
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ir bridge etween the two chambers Is formed by the entire muscuia- 
ture of the heart wall, and hence there is no such narrow connection 
as is present between atria and ventricles at which a block might be pro- 
duced It seems more probable that any such incoordination, if present 
would be between the different lavers of muscle fibers common to th 
Wallis ol ot ventricies, rather than etween the two ventricles them 
selves, and that in some cases of apparent hemisvstole seen in animals 


just ore the heart stops beating (and alter the « culation has ceas ) 
the outer laver of fibers in one ventricle has stopped beating, while the 
outer layer of the other (inner laver of the first) continues to beat 
a few moments ionger, 

It is not our intention to claim that no such thing as a hemisvstok 
ever occurs under clinical conditions, but merely that in the absenc 
of experimental evidence of its occurrence a considerable degree of sk« 


ticism is warrantable. The experience of von Levden demonstrates how 


easily a false interpretation of these phenomena may be made when 
founded on clinical observations alone. 

We take great pleasure in expressing our thanks to Drs. George M. 
Bond and Elizabeth S. Hellweg for their kind assistance in these experi- 


ments, 


6 Fast Franklin Street—2243 Linden Avenue 











EXPERIMENTAL PAROTITIS* 


ISABELLA C. HERB, M.D 


CHICAGO 


¢ 


The most noteworthy study of the bacteriology of mumps is by 
laveran and Catrin,* who in 1893 described a diplococcus in the exudat 
which they obtained by aspiration of the parotid gland. They found 
this diplococcus 67 times in 92 cases; 39 times the organism was ob 
tained in pure culture, twice in mixed culture, and 15 times the result 
was negative. The 15 negative results they attribute to the small quan- 
tity of exudate obtained. In 16 cases of secondary orchitis pure culture 
was obtained 12 times, once with contamination and three times they 
obtained no growth. The organism was obtained from the blood during 


the height of the fever 10 times in 15 examinations. Three times pur 


cultures were obtained from the edema of the overlving tissue of the 
gland and once from the exudate of a joint. They found it fatal in 
large doses to white mice. Injections into the testicles of rabbits pro 


duced an inflammation which lasted about eight days. 

In 1896 Mecray and Walch? examined the saliva from Steno’s duct 
in 10 cases. They found a diplococcus 6 times. In 8 blood examina 
tions they cbtained the organism in pure culture 3 times, mixed with the 
white staphylococcus 3 times, and twice their results were negative. In 


the same vear Busquet and Feri® examined the blood and saliva in 3 


convalescents and in 17 patients during the early stages of the disease 


and found a diplococcus in all the cases. 


In 1897 Michaelis and Biem* examined the secretion from Steno’s 
duct in 16 eases and obtained pure cultures of a diplococcus in al 
Their animal experiments gave negative results 


In 1906 ‘Teissier and Esmein® examined the blood in 45 cases and 


obtained a diplococcus in 387. The negative results were in those w 
a light attack of the disease or during convalescence. The organism was 
*From The Memorial Institute for Infectious Diseases, Chicago This work 
was aided by grants from the American Medical Association \ preliminary re 
port appeared in the Journal of the American Medical Association, 1908, li, 668 
1. Laveran and Catrin Compt. rend. soc. de biol., 1893, v, 528 
2. Meeray and Walch: Med. Ree., 1896, i, 440 
3. Busquet and Feri Rev. d. méd., 1896. xvi, 744 


4. Michaelis and Biem Verhandl, XV. Cong. f. inn. Med.. 1897. xv. 441 


5. Teissier and Esmein Compt. rend. soe. de biol., 1906, Ix, 803, 853, 897 
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SCRIPTION OF DIPLOCOCCUS USED IN THI 
plococcus was obtained by me from the bodv of 
old who entered the hospital in a moribund 


in ew hours. Except the report that he had had 
no history was obtained. The postmortem D\ Dr. LeCount 
right suppurative parotitis, bronchopneumonia and _ several 
esions. 
The cerebrospinal, pleural and pericardial fluids, bile, 
testicle and right parotid gland were examined bacteriologically 


Korentschewsk\ 


Centralbl. f. Bakteriol., 1907, 304 
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mes in pure culture, twice with streptococ twice with 
! mes with a coccobacillus. The exudate from Steno’s 
n 10 examinations 9 pure cultures. The coccus was fata 
s and rabbits. Following intraperitoneal inoculations an 
‘ n 4+ of 7 rabbits 
hKorentschewsk\ solated a diplocoeccus from e gian 
9 cases. His blood examinations gave positive results 
: The organism was fatal to mice, guinea-pigs and ra 
=~('s No ts Is were optamned I 1Ous 
o judg from the deseription of ( nvestigato! 
t appears very probable that wy have dealt with t 
r from thirty-six-hour-old growth on glycerin aga! 1200 
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glass preparations from the bile, pericardial and cerebrospinal fluids 
showed a rather large d plococe us: the atte! also containe | a ol OT 


coccus occurring in groups. The pleural fluid contained a short ba 


us. They were both Gram-positive. Proteus ru/qaris Was isolated tr 


the pleural, cerebrospinal and pericardial fiuids. the spleen, lung. tes 
cle and parotid gland; Staphylococcus albus from the lung. testir 
cerebrospinal fluid and parotid gland. From the lune. testicl ‘ 
yrospinal and pericardial fluids, bile and parotid gland a co : Was 
s<olated with the following characteristics 

The coceus appears most frequently as a diplococcus, occasiona 

Ins « $f to 6 elements, or sma = (Fig. 1) It is round ar 





Fig. 2 Uniform enlargement of the left parotid gland of 
after injection of diplococcus into Steno’s duct 


measures from 0.5 to O.S8 microns when about twenty-four hours old 


When several days old it measures from 0.6 to 1.5 microns. It 


ae l = Cas ‘ 
stained by all the ordinary anilin dyes and is Gram-positive. It grows 
equally well aerobically and anaerobically. It is not motile. has no cay 
sule or flagella and does not form spores, gas or indol. It grows bes 
at 37 C.: 50 C. for three minutes destrovs growth: cold inhibits but does 


not prevent growth when the culture is again placed under fave 


I =* 


conditions. Colonies developed from a milk culture two mont! 
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and from agar which was dried till it was broken. While the coccus 
develops on all the ordinary media, its growth is characteristically slow, 
the twenty-four-hour glycerin agar colonies being scarcely visible. 

Saliva being the natural secretion of the parotid gland, it was 
thought that the organism would grow more luxuriantly on a mediun 
n which saliva was incorporated. This was found to be true, an abun- 
dant growt eng obtained in half the time required on other media. 
Saliva was collected in test-tubes and passed through a_ porcelain 


filter (Pasteur-Chamberland). Nutrient agar-agar was heated to the 


melting point, allowed to cool to 48 C., and about ten drops of the 
sterile saliva added to an ordinary agar tube. The tube was then rap 
idlv rolled between the hands in order to mix the agar and saliva 





Fig. 3.—Showing parotid of same dog as represented in Figure 2, killed by 


chloroform on the fourth day after injection; skin and muscles have been removed 


horoughly and solidified in the oblique position. The tubes were now 
incubated at 37 C. for forty-eight hours and carefully examined with a 


ens to make sure thev were steril 


e before inoculating them. Sufficient 
saliva should be added to form some fluid of coridensation. 
Ascitic agar is also better medium than glycerin agar, but not so 


Giucerin lwar Stroke. Pearly wh te, pin-point, disc rete colontles 


Saliva Agar and Ascitic Agar Stroke.—Similar to glveerin agar but 


earlier and more abundant growth. 
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Human Blood Agar.—Pin-point, round, discrete colonies, surrounde 
by a clear white zone of hemolysis 

Blood serum, Loe fh ¢ r’s. Firm, white beaded growth without ligus 
faction of the medium or formation of pigment 

Potato.—Dull grayish-white, scanty growth without pigment. 

Agar Stab.—Delicate beaded growth along line of puncture. 

Glucose Agar.—Similar to plain agar. No gas. 

Litmus Milk.—Soured in twenty-four hours: coagulated in fort) 
eight hours. 

Plain Broth—Slight clouding in twenty-four hours, later an aln 
dant tenacious growth in the bottom of the tube. 
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Fig. 4 Chart of opsonic index in experimental mumps of dogs For history 


of Dog 1 see Experiment 2 rhe history of Dog 2 is not given 


Gelatin. Beaded growth along line 


the third or fourth day with liquefaction of the medium in four or five 
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The organism is fatal to white mice whit rats inea-pigs an 


rabbits when injected subcutaneously or intraperitoneal In the lat 
ter case the animals usually die within twenty-four hours of peritonitis 


Those that survive for several davs die of bacteriemia. The ro 
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from a forty-eight hour agar slant suspended in 1 ¢.c. normal salt sol 
tion injected into the testis of rabbits produces an acute inflammato1 
condition whi asts for seven to ten days and then disappears without 


ti 








othe ind, animals similarly inoculated with staphvlococcus or strep- 
toce s die of peritonitis within twenty hours, while an Injection o 
normal salt solution alone produces no reaction. 
Ternper psonid dou 
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Fig. 5.—Chart of opsonic index for the diplococeus studied in a case of mumps 


The following experiment was made on a medium-sized so-called 


il MONKEY, 


Experiment 1 On February the animal temperature 100.8 F was in 


oculated through the right Steno’s duct with the growth from a forty-eight-hour 


ascitic agar slant suspended in 1 ¢.c. normal salt solution 


suppuration. the structure late: appearing perfect'y normal On the 
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February 8: Femperature 103 1 slight 
food 
February 9 remperature, 103.2) 1 de 


chews with difficulty, but does not appear sick 


February 10: Temperature 10158 | pare 


ficulty in chewing; appetite good. 
February ll: remperature, lol.2 | rare 
February 12: Femperature, L0O.S | =We 


appear ne. 


1 


swelling of the parotid; refuse 
ded enlargement of the parotid 


tid about as vesterday less dif 


tid smaller than vesterday 


ing of the parotid gradually dis 




















Fig. 6.—Section of the paretid of dog on second day after injection of the 
diploceceus into Steno’s duet x HO, 
February 13: Temperature, 100.2 F.; swelling of parotid gradually disap 


pearing 
February 14: Temperature, 100.2 F.; parot 


id appears of normal size 


Most of my experiments have been on dogs. In passing it may 


] 


noted that Busquet and Boudeaud’ record 


7. Comp. rend, soe. de biol.. lii, 675 


an instance of mumps in the 
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doy, ad secon anima vetting the disease [rom the first They isolated 


: 
; 


a “diplostreptococcus” from the saliva in Steno’s duct in both dogs and 


: ee 


Irom the blood of the second. 


7 
The dog seems to react in a characteristic manner to the intro- 
i duction of the coceus I have studied into the parotid gland, while sub- 


cutaneous and intraperitoneal inoculations produce no results. Direct 


inoculation into the parotid gland of dogs causes a swelling of the 
gland, lasting for seven to ten davs. The injection of suspensions into 


Steno’s duct produces in dogs a uniform swelling of the parotid gland 











Fig. 7 Section of the parotid on fifth day after injection x 50 
which begins in from 48 to 72 hours, continuing to enlarge for 
’ w davs vhen the gland gradually returns to normal $size. 
In these animals the temperaure during the period of the swell- 
ng of the gland ranges from 1 to 1.5 F. above normal; in no case did 


uration develop, and, with the exception of difficulty in chewing 


r two, the animals appear to suffer no special inconvenience 
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Injections into the duct of mixed cultures of the organism and 
staphylococcus causes edema of that side of the face and the parotid 
gland in three or four hours and abscesses form in three or four days 


In two dogs that survived these injections after drainage of the abscesses 


1 
hy 


the parotid gland was completely destroved. One dog died on the fifth 
day of bacteriemia; another developed lung abscesses and died on the 


twenty-third day. 





Fig. 8. 





The following records of experimental inoculations of the diploco 


cus into Steno’s duct in the dog illustrates well the changes thus pro 
duced in this animal: 

Experiment 2 (Dog 1).—February 24: Small, young black and-white dog 
Temperature, 102.5 F. Inoculated into the left Steno’s duct with the bacteria 
from two forty-eight hour saliva agar slants suspended in 3 ¢.c. broth 

February 25: Temperature, 102.5 F No visible change 

February 26: Temperature, 103 F. Parotid enlarged. Dog whines when firm 


pressure is made over the gland 
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remperature, 102.8 I Gland about as 


. 1035 1 Parotid evenly enlarged and hard. Dog 
iungry, but experiences difliculty in chewing 
it was yesterday. Pure 


fanism injected developed from aspirated fluid 
102.5 F. Swelling gradually disappearing 


Femperature 102.5 


. 


Femperature, 102.5 


F. Almost no enlargement of the gland. 
F 


Gland appears normal 


index see chart (Fig. 4), heavy line 
April 21 Large fox terrier (temperature 102 F.) 


right Steno’s duct with a forty-eight-hour growth 


— 


from three tubes suspended in broth. 





remperature, 103 F 


Opsonic Index, 1.6 


Leucocyte count, 12,350 








Section of the parotid on sixth day after injection. X 650 
Dog appears well Leucocyte count, 12,350. 
Dog shows swelling of parotid Some dif 


re mperature 102 F 


Leucocyte count, 31,200. Opsonic index, 1.2 


yg whines when pressure is made over gland 
than 


102 Parotid considerably larger than yesterday 
Difficulty in chewing Testicles 


normal. Leucocyte count, 31,000 Opsonic in 
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April 25 Temperature, 102 F. Parotid evenly enlarged and hard Dog ay 
pears well and eats with less difficulty lesticles about as they were vesterday 
Leucocyte count, 30,000. Opsonie index, 2 

April 27 Femperature, 101.4 F Parotid slightly decreased in size Leu 
cocyte count, 20,600, Opsonic index, 2.4, 

April 28 remperature, 101.8 I Parotid smaller than vesterday Leucoevt 
count, 23,700. Opsonic index, 1.9 

April 28: Temperature, 101.8 F Parotid smaller than vesterday. Leucocyte 
ount, 23,700. Opsonie index, 1.9. 

April 29 Temperature, 102.5 F. Swelling of parotid rapidly disappearing 


Leucocyte count, 10,400. Opsonic index, 1.4 
April 30; Temperature, 101.8 I Parotid almost normal in size Leucocyte 


count, 12,800. Opsonic index, | 





Fig. 10.—Section of the parotid on sixth day after injection x 1250 


Unfortunately no differential leucoevte counts were made in this 
case. In other inoculated animals in which counts were made the same 
eucocytosis was observed and found to depend apparently on a uni- 
form increase in the different forms of leucocytes. Sacquépée* found 


a moderate leucocytosis due to increase in the mononuclears in ordinary 


ind anv leucoevtosis In 


mumps without orchitis, while F 


mumps, but a relative increase in the mononuclears and a relative de- 





crease in the polymorphonuclears. 
a — 
8. Sacquépée Arch. de méd. expér. et d’anat. path., 1902, iv, 114 


9. Pick, F. Wien. klin. Wehnschr., 1902, xvi, 500 
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Negative results were obtained in dogs inoculated through Steno’s 
duct with filtrates of old broth cultures and suspensions of the diplo- 
coccus heated to 60 C. for 30 minutes. The opsonic index did not seem 


to be affected by these inoculations. 


OPSONIC INDEX IN A CASE OF MUMPS 
In spite of many efforts to secure opportunity to study cases of 
mumps during the progress of this investigation only one suitable cas: 
came under observation. The opsonic index of the serum of this patient 
for the diplococeus described in this report shows a well-marked ris 
at the period of the height of the swelling just as the temperature wa 


returning to normal (Fig. 5). The clinical record follows: 














Fig. 11.—Section of parotid on tenth day after injection. Complete restitu 


tion x O00 


Woman, aged 23, trained nurse, was caring for a child with mumps when she 
noticed September 24 a swelling of the left side of the face. 

September 25 Temperature 100 F. Swelling has increased and patient 
feels generally uncomfortable; has severe headache and difficulty in chewing. 

September 26 Temperature, 99 F. Swelling of parotid and regional lymph 
glands quite marked Head still aching; no appetite 

September 27: Temperature, 98 F. Parotid and regional lymph glands much 


enlarged and very hard, Some discomfort is felt when firm pressure is made over 


the parotid 
September 28 remperature, 98 F. Is feeling bette: but no change in the 


swelling. 
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September 29: Temperature 97.6 F. No change in swelling 

September 30: Temperature, 98 F. Swelling seems less than yesterday. Feels 
well and is hungry. 

October 1: Temperature, 98 F. Parotid and regional lymph glands decreas- 
ing in size. 

October 2: 

October 3: Temperature, 98 F. Swelling rapidly disappearing. 

October 4: Temperature, 98 F. Swelling almost gone. Patient feels perfectly 


Temperature, 98 F. Feels well. Swelling decreasing. 


well. 
GROSS AND MICROSCOPIC ANATOMY OF EXPERIMESTAL MUMPs IN DOGS 


‘The enlarged parotid of inoculated dogs is of aniform firm consist- 
ency, the enlargement often reaching many times the normal size (Figs. 

















Fig. 12.—Section of cervical lymph of dog on seventh day after injection of 
the diplococeus into Steno’s duct. x 150. 


2 and 3): the cut surface is pinkish, exuding a little pinkish, rather 
turbid, fluid. The neighboring lymph nodes are moderately swollen, 
but there are no gross changes in other parts of the body. 

Dogs inoculated through one or both Steno’s ducts were chloroformed 
at various stages of the disease and sections made of the internal organs 
and bone marrow for microscopical study. In others the process was 
not disturbed and in these the blood changes were studied. 

Pieces of tissue for microscopic study were removed immediate! 
after the animals were killed and placed either in 85 per cent. aleohol 
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| or Orth’s fluid. Sections fixed in aleohol were embedded in paraffin, 
while those fixed in Orth’s fluid were embedded in celloidin after being 
washed in running water for twenty-four hours. The femur was selected 


for the study of the marrow. The bone was sawed lengthwise and placed 





in aleohol. When the marrow was sufficiently fixed it was removed and 
embedded in paratlin. The marrow was stained with polychrome methy- 


: lene blue and eosin, all the other tissues in hematoxylin and eosin. 
. 











ee 25'S 


Fig. 13.—Section of the testis of a dog on fourth day after injection of the 








diplococeus into Steno’s duct Cellular interstitial infiltration x 150 


On the second or third day after inoculation there is a diffuse cel- 
lular infiltration of the interstitial tissue of the parotid which extended 
io the interiobular tissue to a slight extent. At the height of the swell- 
<< 


ing of the gland the cellular invasion has extended to the acini. The 


’ } 


celis lining the ducts are swollen, occasionally desquamated, the lumen 


packed with cells and cell detritus. The ducts are the last to become 
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involved and the first to recover. The invading cells are composed of 
arge pol zonal cells with a vesicular nucleus, many containing small, 
dark chromatin granules or nuclear fragments, plasma cells, and a few 
lymphocytes and degenerated cells. By the end of the second week the 
gland has returned to normal condition. Suppuration or necrosis never 


occurred (Figs. 6-10). 


The cervical and posttracheal lymph nodes show an early involve 





ment. The capsule and trabecule contain distended vessels and there is 
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Fig. 14 Section of testis illustrated by Fig 


13 at higher magnification 
500 





} more or less cellular infiltration. The lymph spaces are widened and 
: filled with cells and the outline of the secondary follicles and medullary 
cords are indistinct (Fig. 12). In all the sections examined the cortical 
Iymph nodes as a rule are difficult to define. The sinuses contain nu 
merous large polygonal or elongated cells with a large vesicular nucleus, 


or a large, round nucleus with deeply staining chromatin § granules 


—. 
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nerease in number of lymphoeytes, phagocytic cells with two or mort 
partly digested cells as also red blood cells and blood pigment. 

In the sections of spleen examined the capillaries are distended 
with blood and there is increase in the large, round, granular mononu- 


clear cells, leucoevtes and small lym phoe vtes, nucleated red cells and 


large, marrow giant cells. In the spleen of one dog killed five days after 


inoculation there is a very marked increase in the nucleated red cells, 
which appear in clusters or groups of six or more. The follicles are 
-wollen and contain numerous large polygonal cells with a vesicular 
nucleus, 

In the bone marrow, so far as the comparatively few sections exam- 
ned permit any statements, changes appear about the time the parotid 
begins to enlarge, but they disappear somewhat earlier than the parotid 
«welling subsides. There is a noticeable increase in the mononuclear 
cells, particularly in the neutrophilic myelocytes and the undifferen- 
tiated Ivmphocytes of Wolf, and also in the nucleated red cells. Shght 
increase in the megakaryocytes, eosinophiles and polymorphonuclear 
cells. These changes are most pronounced during the height of the 
nfection. 

An orchitis was present in one of the three male animals killed for 
microscopic examination. It is thought that this condition was present 
in some of the enimals that recovered, as the glands appeared some 
what enlarged and firmer than normal. From a careful study of the 
material at hand (Figs. 13 and 14) it seems that the inflammation 
begins as a cellular infiltration in the intestinal tissue and soon invades 
the tubules. The cells forming the infiltration are of the mononuclear 
variety, the majority being polygonal cells with an eccentrically placed 
nucleus and a large amount of protoplasm; there are also cells with 
a uniformly densely staining eccentric nucleus, cells with a large vesic- 
ular nucleus and a small rim of protoplasm. About the time the 
invading cells penetrate the walls of the tubuli contorti there occurs a 
swelling and more or less indistinctness of the Sartoli and spermato- 
genic cells, with a cessation of mitosis in the spermatogenic cells. The 
epermatoids appear unaffected by the process. Unaltered spermatozoa 
are found in all the tubules except those most profoundly affected, in 
which thev are absent. The cells lining the tubuli recti are swollen 
and the lumen is filled with desquamated cells and cell detritus. No 
areas of suppuration or necrosis were observed. The inflammatory 
changes consequently correspond to those which oceur in the parotid. 

About the time the parotid becomes enlarged the tubular epithelium 


of the kidney becomes swollen, cloudy, fatty and occasionally desqua- 
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mated. The lumen is more or less filled with granular material. Later 
there is an intense engorgement of the blood channels extending into 
the peripheral zones, about the fourth or fifth day after inoculation ; 
cells are occasionally seen. 


The pancreas, lung and suprarenals present no changes worthy of 
note. 

The liver shows a slight cloudy swelling, with deposition of fat in 
the peripheral zones, about the fourth or fifth day after inoculation 


s a marked congestion of the central and interlobular veins 


later there 


so that the liver cells are pressed into narrow bands. Small groups of 


I sections. 


mononuclear cells are present in the majority 


SUMMARY 


The principal, distinguishing or characteristic features of the dip- 
lococeus isolated from a case of mumps are the following: 

Gelatin is very slowly liquefied. In broth a slight cloudiness is pre 
duced in twenty-four hours; later a tenacious deposit forms in the bot 
P } 


tom of the tubes. Milk is soured in twenty-four hours and coagulated 


in forty-eight hours. Potato produces a gravish-white abundant growth. 
On blood agar a slight zone of hemolysis appears around the colonies. 
Agar cultures show pearly white, tenacious, pin-point, round, discret 
colonies. No production of indol. The organism occurs most frequently 


lococcus, occasionally in small groups or chains of from four to 


as a dij 
six elements. It is non-pyogenic. 

When injected into Steno’s duct in monkevs and dogs this diploco 
cus causes a diffuse non-suppurative parotitis, the infiltration being 


| t 


f mononuclear cells, and occasionally also orchitis 


composed largely of 
of a similar character. During the course of this experimental paro 
titis the opsonic index for the diplococcus shows a marked rise, reach 
ing the highest point at about the time when the parotid swelling is 
most marked. In one case of human mumps (the only one studied) a 
similar rise of the opsonic index for this organism took plac There 
is consequently good reason to regard this diplococeus, which corresponds 
well with the description given by Laveran and Catrin of the diplococeus 
isolated by them from cases of mumps, as the actual cause of mumps and 


the disease produced in my dogs as genuine experimental mumps. 
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CERTAIN UNUSUAL LESIONS OF THE LYMPHATI 
APPARATUS 
INCLUDING A DESCRIPTION OF PRIMARY HODGKIN'S DISEASE OF TH 


SPLEEN AND A CASE OF GASTROINTESTINAL PSEUDOLEUKEMIA* 


DOUGLAS SYMMERS 
NEW YORK 


In 1832 Hodgkin’ called attention to the existence of a disease 
characterized primarily by progressive enlargement of the lymph nodes 
and associated, in many instances, with enlargement of the spleen. In 
the light of our pre sent knowledge it appears that several of the case: 
originally deseribed by Hodgkin were examples of leukemia or of gland- 


ular syphilis or tuberculosis, but that at least two were genuine instances 


of the affection to which Wilks? in 1856, gave the name of Hodgkin’s 
disease and for which, in recent years, a definite histology has been 
established. Since the appearance of Wilks’s paper in England, and a 
communication by Bonfils in France in the same year, many contribu 
tions have been made to the literature of the subject, and undoubtedly 
several different lesions have been described under the title of ““Hodg- 
kin’s disease”; among them leukemia, non-caseous glandular tubereu- 
osis, lymphosarcoma and pseudoleukemia. Despite the confusion occa- 
sioned by lack of knowledge of the pathologi histology of Hodgkin’s 


disease, the older observers came to recognize two types, and to regard 


them as different varieties of the same lesion—one soft and characterized 
wv great cellular richness, the other firm and tending to become scle- 
rotic. Indeed, in the latter type, giant cells were observed by Virechow 
in 1864 and by Langhans in 1872. Perhaps the first important step 


in the elucidation of a problem which is still beset by many difficulties 
was accomplished by Virchow when he established the independence of 
leukemia. Shortly thereafter a further advance was made by Cohn- 


heim.” who, under the title of pseudoleukemia,’ described a case which 


From the Pathological Laboratory of the New York Hospital. 


1. Hodgkin Med. Chir. Tr., 1832, xvii, 68 
2. Wilks Guy's Hosp. Rep., 1856, 1, 1865, x1, 56 
3. Cohnheim: Virchow’s Arch, f. path. Anat., 1865, xxxiii, 451. 


4. Cohnheim has been credited with the introduction of the term pseudo 
leukemia as a synonym for Hodgkin's disease, but, as a matter of fact, he em 
ploved it to describe a totally different affection, and in his original contribution 
did not onee mention Hodgkin's disease, or otherwise add to the confusion of 


the subject 
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presented the essential anatomical characteristics of leukemia withoui 
( inges n the hlood. (zradua y otnel esions were ¢ m nated irom ti 
general category of Hodgkin’s disease and were more properly classifi 


elsewhere, so that in late years Hodgkin's disease appears to have been 
recognized as a definite histological entity, characterized by changes 
When fullv deve 


} ; ] ] 


hanges consist in proliferation of endothelial and reticula 


which resemble those of the infective granulomata. 
yped these « 
cells, the formation of giant cells, and progressive fibrosis, associated 


with variable numbers of lymphocytes and, in many instances at least 
with plasma cells and eosinophiles, and were ably described by Stern 
berg’ in a paper published under the title of “A Peculiar Form of 


‘Tuber ulOsis of the Lymphatic System.” Other students ot the diseast 











have subscribed to the view that these changes are tuberculous or that 
they partake of the nature of tuberculosis. Still others have denie 
the etiological relationship of the tubercle bacillus to Hodgkin's diseass 
: partly because of negative results following the inoculation of animals 
i and the administration of tuberculin in the living subject. and part 
vecause of repeated failures to demonstrate the tubercle bacillus in n 
1 roscopical preparations of the organs involved. 
Practically all writers on the subject of Hodgkin's disease unite in 
declaring that the process almost invariably commences in the cervical o 
in anatomically related lymph nodes. Reed* even goes so far as to stat 
that “we know of no case where the pathological anatomy was deseribed 
in sufficient detail to permit of a positive diagnosis, in which the disease 
commenced elsewhere.”  Lyon,* in Osler’s “Modern Medicine.” states 
that there is no evidence that a primary splenic form of Hodgkin’s 
disease exists. Simmons.’ on the other hand. reports two cases of THodg- 
q ° } 
kins disease that apparently commenced in the retroperitonea vmp 
5 nodes, althoug no specifi statement to this etTect is made. In wotl 
nstances enlarged nodes wer present in the neck. In one case “a few 
: small discrete glands were found n the posterior cervical ti ing mn 
| 
; t sides While the retroperitoneal nodes formed a mass about 16 
: cn n tengt and « cn n dlamete! In Second Cast here was 4 
A 
i screte, ire OVALE vliand nm tik rient Phoste or cervi al triang 
Ql 
q 
» Sternberg Centralbl. f. der Grenzge Mie u. Chir ISOO. iil, 641 1] 
710, 813, 847 
6. Ferrari and Cominotti Wien. klin. Rundschau WOO, xiv, 1035. Crowder 
New York Med Jour... 1000. Ixxii $45 Noe iscussion of Longcope’s paper by 
} 
i Pearce and Ewing Ir. New York Pat Son 1908S. vill, 153 
' 7. Reed: Johns Hopkins Hosp. Rep., 1902, x, 133 
7 8S Lyon: Osler’s Modern Medicine ed | Phila Lea & Febiger, 765 
7 9% Simmons: Jour. Med, Research, 1903, ix, 378 
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avicle, the size of a hen’s egg.” and several smaller 


just above the 
ones on the opposite side. There were numbers of enlarged nodes in 
the abdomen, ranging in size from 2 to 7 em. In the latter case, how- 
ever, we are left in some doubt concerning the primary focus of the 
disease, since neither the clinical history nor the autopsy protocol is 
culficiently specific to dispel the suspicion that the cervical involvement 
was primary. Longcope,"" however, has adequately described a case of 
Hodgkin's disease that originated in the retroperitoneal lymph nodes. 
The patient was an emaciated man, 34 years of age, who, during life, 
presented signs of enlargement of the spleen and a moderate degree of 
anemia, together with elevation of temperature. There were no en- 
larged nodes in the neck. The skin and sclere were jaundiced. At autopsy 
the retroperitoneal! lymph nodes were enlarged and the common bile 
duct was surrounded and compressed by nodular masses lying just below 


the entrance of the evystie duct. 

In the present communication TI shall present the clinical and ana- 
tomical details of three cases of primary abdominal Hodgkin's dis- 
ease, one originating in the spleen, the other two commencing in th 
retroperitoneal lymph nodes. At the same time | purpose to deseribe a 
remarkable case of pseudoleukemia in which practically the entire lym- 
phoid apparatus, including that of the gastrointestinal tract, revealed the 
lesions of a generalized lymphomatosis and, in this connection, to em- 


phasize the distinction between pseudoleukemia and Hodgkin's disease. 


HODGKIN'S DISEASE 
CASE | Primary Hodgkin's disease of the spleen. M. V., aged 18, single, 
corset-maker, Belgian. Admitted to the New York Hospital, June 1, 1908; died 
June 30, 1908 
History rhe patient stated that three vears before admission to the hospital 
she had passed several blood clots per rectum. At about the same time she ob 
served that there was a mass in the abdomen. For two or three years previously, 
however, she had noted that the circumference of her waist was increasing. Four 
months before entering the hospital she began to experience irregularly recurring 
chills alternating with fever, sometimes two or three times in the course of a 
day. Latterly the ingestion of food has frequently been followed by vomiting, at 
tended by generalized abdominal pains. She never noticed the presence of blood 
in the vomited matter. During the month that the patient was under observation 
the evening temperature rose on several occasions to 100 F. or 101 F 
Blood Count- 
Red cells, 4.684.000. 
White cells, 7,000. 
Color index, 0.74. 


10. Longeope: Bull, Ayer Clin. Lab. Pennsylvania Hosp., 1903, i, 4 
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Differential Leucocyte Count 
Polynuclear leucocytes, 85 per cent. 
Small lymphocytes, 11 per cent 
Large lymphocytes, 4 per cent. 
No malarial organisms were detected in the patient’s blood 
Physical examination revealed a well-nourished woman. The area of splenic 
dulness extended from the seventh rib on the left side to a point three inches 
below the umbilicus. The edge of the organ was palpable 1 inch above Poupart’s 
ligament on the left side, whence it could be traced upward and to the right 2%, 
inches beyond the umbilicus, thence directly upward to the ensiform cartilage 
The superficial lymph nodes were not enlarged. 
On June 29 Dr. Hartley removed the spleen through a vertical incision in the 


left rectus muscle. The patient died the following day. At the operation no en 
larged abdominal nodes were observed. No autopsy was obtained 

fnatomical De scription The specimen consisted of a spleen 25 em. in length 
18 em. in breadth and about 8 em. in thickness. The shape of the organ was well 


preserved. The capsule was diffusely, but moderately, thickened and the surface 
presented a diffusely grayish-red color On section, the consistence of the organ 


was considerably increased and yielded a fine grating sensation when erushed be 


The substance of the spleen was grayvish-red in color and seat 
tered through it were innumerable minute connective tissue strands The Mal 
The cut ends of the vessels appeared to be thick 


tween the fingers. 


pighian bodies were not visible. 
ened 
Two c.c. of an emulsion of the spleen in sterile bouillon were injected into the 


peritoneal cavity of a guinea-pig with negative results. 


Vieroscopical Examination The lymphoid follicles were exceedingly few in 


number, not very rich in cells, and diffusely outlined. In most instances they were 
surrounded by delicate connective tissue fibrils arranged somewhat concentrically 
In the center of the follicles the remains of obliterated blood vessels were ap 
parent and, in the immediate vicinity of these, the Ivmphoid cells were densely 
packed \t the periphery of the follicles the lymphoid cells were scanty in num 
ber and loosely arranged and were gradually lost in the interstices of the con 
nective tissue strands by which the follicles were surrounded Between the fol- 
licles the substance of the organ was diffusely permeated by delicate connective 


tissue fibrils, frequently arranged in the form of slit-like apertures lined by endo 


thelial cells In the lining endothelium mitotic figures were occasionally to he 
seen Most of the sinuses were empty; others were partly filled by endothelial 
and lymphoid cells and red blood corpuscles. Lying in many of the sinuses and 


almost or completely filling them were multinucleated giant cells which were pro 
vided with an abundance of pinkish, homogeneous or finely granular cytoplasm 
In some of the giant cells the nuclei were small and fairly uniform in outline and 
lay heaped up in the center of the cell body In others the nuclei varied in shape 
and size, and in chromatic richness, and presented evidences of fragmentation in 
the form of deep indentations. These giant cells were evidently derived from the 
endothelium of the sinuses, the nuclei apparently attempting at first to divide by 
karyokinesis and later resorting to a process comparable to simple fragmentation 
Eosinophiles were unusually abundant There were no evidences of necrosis 
This case represents, in my opinion, an example of primary Hodg- 


kin’s disease of the spleen and is remarkable from the standpoint of 


1 
} 
it’ 


origin only. I have not been able to find an exactly similar case in t 
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literature. Donhause1 recently has reported a case of splenomegaly 
ccurring in association with tuberculosis of the mesenteric lymph 
nodes and sclerosis of the bone marrow, in which the microscopical 
examination of the spleen bore a resemblance to that just described, in 


that there was considerable hyperplasia of the interstitial connective tis- 














Fig. | Primary Hodgkin's disease of the spleen, specimen from Case 1 A, 
giant cells; Ax, shows the e irly formation of giant cells, probably of endothelial 
origin; B, areas of fibrosis: ©, eosinophiles; D, endothelial ceils. Drawn with 


Edinger’s apparatus 


sue, together with atrophy of the follicles and an occasional multi 
ileated giant cell. In addition, however, the spleen presented to the 


naked eve numbers of large and small, circumscribed, spherical nodules 


ll. Donhauser Bull. Aver Clin, Lab. Pennsylvania Hosp., 1908, v. 46 
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which, on microscopical examination, were found to represent islands of 
hemopoletic tissue 

Case 2.—Primary Hodgkin's disease of the retroperitoneal lymph nodes, se 
ondary granulomatous lyvmphomata in the liver, kidney, spleen and bone marrow 
L. G. B., male, white, aged 31, admitted to the New York Hospital October 19 


died Oct. 30, 1904. 


History.—The patient sought admission to the hospital because of progressive 
loss of flesh and strength He stated that his illness began fourteen months be 
fore, with symptoms which led his physician to treat him for malaria Two 
months before admission the patient's abdomen began to enlarge Seven weeks 
later about two gallons of fluid were withdrawn During the eleven davs that 


the patient was under observation the evening temperature varied between 100 
ind 101 F 

Physical examination revealed marked emaciation, with pallor of the visible 
mucous membranes rhe superficial veins over the abdomen were enlarged and 


the abdomen was distended by fluid 


Blood Count 
Red cells, 2,574,000 
White cells, 10.000 
Hemoglobin, 65 per cent 
Differential Leucocyte Count 
Polynuclear leucocytes, 84 per cent 
Small lymphocytes, 15 per cent 
Large lymphocytes, 1 per cent 
rhe superficial Ivmph nodes were not palpable 
On October 20 the abdomen was opened by median incision and 8 pints of clear 
were observed at the hilum of 


vellow fluid escaped Enlarged glandular masses 


j 


the liver and in the gastrohepatic omentum Four days later the patient died 
after almost constant hiccoughs. 

thbbreriated Autopsy Protocol Inspection: The body was markedly emaciated 
On opening the peritoneum a small amount of fibrinous exudate was found near 


the lower end of the wound 








Chest Negative 
Spleen The spleen was somewhat flattened between the stomach and the left 
ateral abdominal wall and was increased to twice the normal size The organ 


was reddish in color and moderately firm in consistence Scattered over the sur 


! to 3 mm. in diameter 


face were a few gravish bodies from 1 


Kidneys: Size increased Capsules not adherent, cortices thickened, cortical 
markings coarse and indistinct 

Liver: Decreased in size, reddish in color, firm in consistence The surface 
presented several capsular cicatrices from 0.75 em. to 1.25 em. in diameter Phe 
general surface was irregular On section the lobules were indistinct and a few 


} 


gravish masses from 2 to 5 mm. in diameter were found seattered through the 
substance of the organ 
Stomach Strong fibrous adhesions passed from the under surface of the liver 


to the hepatic flexure of the colon and to the stomach and first part of the duo 


denum. The stomach showed nothing unusual except that the pylorus was slightly 
thickened There was no suggestion of a new growth The pylorus looked up 
vard and entered the concavity of a loop of intestine This appearance was du 


to dilatation of the first part of the duodenum, owing partly to fibrous adhesions 


to the liver and partly to the presence of an enlarged Ivmph node opposite the 


head of the pancreas 
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Lymph Nodes The retroperitoneal lymph nodes in the upper part of the ab 
domen formed a large, grayish mass made up of numbers of nodes varying in size 
from 1 to 2 em rhese nodes were discrete and moderately firm in consistence. 
There was a single enlarged node in the lesser omentum that measured 3 by 1.5 
em, The mesenteri nodes presented no noteworthy naked-eye changes. 

Vicroscopic Examination Spleen: The normal structure of the spleen was 
largely replaced by the overgrowth of delicate connective tissue fibrils, scattered 
through the interstices of which were small numbers of lymphoid cells and numer 
ous multinucleated giant cells, by large masses of hyaline connective tissue sup 


porting still larger numbers of giant cells of the same type and by areas ot 


| ain. | 











—— 


Fig. 2 Portion of large intestine from case of yvastrointestinal pseudole u 
kemia (Case 4 showing wide-spread hyperplasia of the lymphoid follicles 
anemic necrosis Kosinophiles were entirely wanting The lymphoid follicles were 


markedly atrophied 

Lymph Nodes Here, too, the normal strueture was similarly replaced by the 
overgrowth of new tissue, so that it was impossible to distinguish cortical follicles 
medullary cords or lymph sinuses rhe framework of the node was made up of 
interlacing fibrils of connective tissue, among which were a few Iymphoid and 
plasma cells and a large number of giant cells, some of which enclosed a single 
large nucleus, others multiple nuclei Eosinophiles were not found \reas of 


necrosis were visible here and there 
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Liver: In the liver the normal architecture was irregularly replaced by 
masses of tissue corresponding in all essentials to those already described in the 
spleen and lymph nodes. The main features in the evolution of the new tissue 
which was destined to replace the liver parenchyma could be readily traced The 
earliest observable change consisted in the occurrence of small lymphomatous foci 
lying in the adventitia of the portal vessels. These foci gradually increased in 
size and cellular richness, invaded the perilobular connective tissue and_ finally 
encroached on adjacent liver cells, pushing them aside and infiltrating the inter 
columnar capillaries. As the focus enlarged, minute connective tissue fibrils began 
to appear among the lymphoid cells and to form a supporting network for them, 
while large, oval or rounded cells with prominent vesicular nuclei and pinkish, 
finely granular cytoplasm could be observed here and there. In some instances, 
these latter cells were provided with delicate cytoplasmic processes, Eventually 
the liver lobules were invaded irregularly and replaced by masses of tissue made 
up of a delicately reticulated connective tissue network supporting large numbers 
of endothelioid and epithelioid cells and multinucleated giant cells In other in 
stances the liver lobules were destroyed and transformed into enormous necrotic 
foci, in some of which large hemorrhagic extravasations were visible. 

Kidney: Microscopical examination revealed marked granular degeneration 
of the epithelium of the convoluted tubules and the presence of hyaline casts. In 
the medulla, however, the picture was entirely different. Here the connective tis 
sue supporting the blood vessels and straight tubules was richly infiltrated by 
lymphoid and plasma cells, the two varieties being present in about equal propor- 
tions. Among them were large numbers of typical multinucleated giant cells. 

Bone Marrow: The bone marrow revealed the presence of masses of tissue 
that showed essentially the same structure as those already described in the 
spleen, liver and lymph nodes; that is, there were numbers of lymphoid, epithe- 
lioid and giant cells, enclosed in a network of connective tissue. 


Aside from the fact that this case is an example of primary Hodg- 
kin’s disease of the retroperitoneal lymph nodes without cervical involve- 
ment, it is interesting from the standpoint of the histogenesis of the 
secondary visceral lesions, since the changes described in the liver indi- 
cate that the granulomatous masses are represented primarily by col- 
lections of lymphoid cells and that the other changes are sequential. In 
this connection another observation may be of interest For example, 
a boy 16 years of age, presented himself at the New York Hospital in 
1907, complaining of an enormous mass on the right side of the neck 
A piece was excised for microscopical examination and was found to 
present the characteristic granulomatous lesions of Hodgkin's disease. A 
vear later the boy returned to the hospital and a small lymph node was 


removed from the edge of the original growth. On microscopical exam 


ination this was found to present no changes on which the diagnosis 
of Hodgkin's disease could be based, On the contrary, the node pre- 
sented the changes incident to diffuse lymphoid hyperplasia with pro 


liferation of the cortical follicles. This tends to support the assumption 


that in the lymph nodes the initial manifestation of Hodgkin's diseass 


consists in diffuse hyperplasia of the lymphoid cells, and that exhaustion 
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of these cells is accompanied or followed by connective tissue replace- 
ment and the other characteristic changes of the granulomatous lesion, 
to which reference has already been made. 

The histological observations just mentioned are in accord with 
Longecope’s conclusion’® that Hodgkin’s disease is conceived in hyper- 
plasia of lymphoid cells; that lymph nodes are being constantly regen- 
erated in the course of the disease, and that these structures ultimately 
become the seat of granulomatous changes. 

Case 3.—Primary Hodgkin's disease of the lymph nodes at the hilum of the 
liver. Ek. W., Hebrew, single, aged 20, admitted to the New York Hospital 
April 25, 1008; discharged June 1, 1908. 

History.—On entering the hospital the patient stated that six weeks pre 
viously he began to experience sharp, lancinating pains in the right upper 
quadrant of the abdomen. These pains, although fairly constant, were worse at 
night and interfered with sleep. They continued for two weeks and then disap 
peared entirely, only to return four weeks later, when he sought admission to 
the hospital 


Physical examination revealed a poorly nourished boy, whose visible mucous 
e conjunctive were faintly jaundiced. There was 


membranes were blanched. T! 
slight bulging in the lower part of the chest on the right side in front, and some 
tenderness and muscular rigidity in the right upper quadrant of the abdomen. 
A rounded mass was palpated 3 em. below the right costal margin and 1 em. 
below the edge of the liver, which was likewise felt. The mass appeared smooth 
to the touch and moved with respiration. No pain was experienced by the pa 
tient when the right costal margin was forcibly depressed. The spleen was not 
felt. The superficial lymph nodes were not enlarged. During the five weeks that 
the patient was under observation the evening temperature was practically 
always from 100 to 102 F. 
Blood Count 
White cells, 7.800 
Hemoglobin, 80 per cent 
Differential Leucocyte Count 
Polynuclear leucocytes, 70 per cent. 
Small lymphocytes, 22 per cent 
Large lymphocytes, 7 per cent 
Eosinophiles, 1 per cent 
The urine was negative, except for the presence of urobilin 
The patient was transferred to the surgical side and operated on by Dr. John 
son An incision 5 inches in length was made through the right rectus muscle 
On opening the peritoneum a solid ovoidal mass about the size of a grapefruit 
was found projecting beneath the liver. It was not attached to the liver. gall 
bladder, adrenal or kidney, but rested in a bed beneath the liver. The mass was 
removed 
The surgical wound healed well and the patient eventually was referred to 
the Convalescent Home at White Plains. 


{natomical Description.- The specimen consisted of a large. heavy. ovoidal 


mass, 14 cm. in length and about 10 em. in diameter. It was covered by a loosely 
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adherent connective tissue sheath, running through which were several large 
venous channels. The mass was very firm in consistence, faintly yellowish ox 
cream-colored, and the surface was smooth. On section it cut firmly and the cut 
surface presented a yellowish translucent appearance and was faintly undulating 
Seattered over the cut surface, at remote intervals, ere small hemorrhagic 
areas, together with aggregations of pin-point-sized, rounded, yellowish elevations, 
separated from one another by delicate depressions. Running over the cut surface 
in different directions were coarse, pale, glistening, connective tissue bands 

Wicroscopical Examination.—Numerous sections were prepared from differ 
ent parts of the mass. It was found that the structure of the lymph node was 
not recognizable, but had been replaced by the growth of dense bands of hyaline 
connective tissue, enclosing cellular islands of various shapes and sizes. The pi 
ture was further confused by the presence of large necrotic foci and hemorrhagic 
extravasations. In the connective tissue bands were a few scattered lymphoid 
cells, multinucleated giant cells and collections of eosinophiles. The more cellular 
areas differed somewhat from one another in composition. In practically every 
instance, however, cells of the fibroblastic type were so disposed as to form a mors 
or less coarsely reticulated hyaline network, supported in the meshes of which 


were variable numbers 


f lymphoid cells, eosinophiles and multinucleated giant 
cells, together with enormous numbers of large flattened cells with large richly 
chromatic nuclei These were evidently endothelial cells and the progenitors of 
the multinucleated giant cells. In several instances dense hyaline connective tis 
sue bands were seen, which enclosed very small islands of tissue that bore a_ re 
semblance to tubercles, in that they were composed of somewhat concentrically 
arranged connective tissue fibrille with cytoplasmic processes which intercom 
municated or were fused together, thus forming a network in which were num 
bers of lymphoid cells. Lying at the center, in most of these tubercle-like struc 
tures was a single giant cell with hyaline cell body and multiple nuclear frag 
ments heaped up in the center, and provided at its periphery with delicate fila 
mentous processes. These giant cells were surrounded by a clear space, bridged 
over at intervals by the filamentous processes just referred to No tuberel 
bacilli were found in these localities nor, in fact, in any other 

Immediately on receipt of the specimen trom the operating room, frozen se« 
tions were made and the diagnosis of Hodgkin's disease was established An 
emulsion from the original mass was then made in sterile bouillon, and of this 
2 c.c. were injected into the peritoneal cavity of a guinea-pig. The results were 


negative 


In this case we are provided with still another example of primar 
abdominal Hodgkin’s disease, manifested clinically by a large tumo 


like mass, originating, probably, in the lymph nodes at the hilum of 


the liver. In addition to its interesting anatomical and histological fea- 
tures, the case is instructive from the standpoint of the surgeon 
PSEUDOLEUKEMIA 
Shortly after Virchow described leukemia, Cohnheim* recorded a 


case which presented similar anatomical characteristics without changes 
in the blood. For this disease he suggested the name of “nseudo- 


leukemia.” The patient was a man, aged 24, who suffered from anorexia, 
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vomiting and repeated attacks of epistasis. The leucocytes were con- 
siderably diminished in number and no abnormal forms were present. 
At autopsy the spleen was greatly increased in size, measuring 10 by 
7 by 3.5 inches, and wresented innumerable hyperplastic lymphoid folli- 
cles. The liver was increased in size and, on microscopical examination, 
disclosed the presence of lymphomatous foci in the neighborhood of the 
portal vessels. The kidneys were enormously enlarged and, on micro- 
scopical examination, the interstitial tissues were found to be richly 
infiltrated by lymphoid cells. The cervical, inguinal and _retroperi- 
toneal lymph nodes were hyperplastic. The gastrointestinal tract pre- 
sented no noteworthy changes. 

Nearly thirty years before the appearance of Cohnheim’s paper, how- 
ever, Briquet’? had pictured a peculiar disease characterized by exten- 


sive hyperplasia of the lymphoid tissues in the gastrointestinal tract, 


and since then a few similar cases have been added to the literature. 
These also are undoubtedly examples of pseudoleukemia and will be 
touched in more detail later. 

A case of this description recently came under observation at the 
New York Hospital and its clinical and anatomical features are pre- 
sented below in some detail. 

Case 4.—Gastrointestinal pseudoleukemia. J. M. S., white, aged 42, single, 
porter. Admitted to the New York Hospital June 24, 1908; discharged June 26, 
1908. Readmitted Dec. 31, 1908; died Jan. 1, 1909, 

History.—One year before the date of the patient's tirst admission to the hos- 
pital he noticed a painless swelling on the left side of the neck. It gradually in- 
creased in size and was followed six months later by the appearance of a similar 
mass on the opposite side. Three months later the patient began to have three or 
four stools daily. The stools were watery and defecation was painless. In the 
course of the next three months the stools increased to fifteen or twenty daily, 
and at the end of this time the patient sought admission to the hospital because 
of loss of strength and flesh. 

Physical examination revealed a poorly nourished adult male. The visible 
mucous membranes were pale, the teeth in poor condition, the gums infiltrated by 
pus. Both tonsils were enlarged, especially the left. In the left anterior triangle 
of the neck were two glandular enlargements, each the size of a large walnut. 
In the left posterior triangle was an enlarged gland the size of a hazel nut. <A 
mass of about the same size was present beneath the angle of the lower jaw on 
the right side. A number of smaller nodules was present on both sides of the 
neck, lying between the larger ones just described. The subclavicular nodes on 
both sides were palpable. The axillary nodes were enlarged to the size of mar- 


bles. All of the nodes were painless, discrete and freely movable. 


Blood Count— 
Red cells, 5,240,000, 
White cells, 11,000. 
Hemoglobin, so per cent. 
Color index, 0.8. 


12. Briquet: Cuveilhier’s Atlas, 1835-42, ii, 34. 
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Differential Leucoc yte Count 
Polynuclear leucocytes, 72 per cent 
Small lymphocytes, 24 per cent 
Large lymphocytes, 3 per cent 
E ssinophiles, ] per cent 

The patient's temperature on admission at 3 p. m. was 99 F., normal there- 
after. Examination of the stools revealed the presence of blood. The urine was 
negative At the end of forty-eight hours the patient was discharged at his own 
request. 

About midnight of Dee. 31, 1908, the patient was admitted to the hospital in 
extremis, presenting the classical signs of acute peritonitis. He died a few hours 
later, so that it was not possible to obtain any information concerning his condi 
tion during the six months which had elapsed since he came first under observa 
tion. A blood examination at this time revealed a leucocytosis of 14,400 and a 
preponderance of polynuclear leucocytes. It is also interesting to note that just 


before death digital examination of the rectum was made by one of the house 
surgeons and numerous small nodules were felt seattered through the mucous 
membrane 

thbbrevriated futopsy Protocol.—The autopsy was performed four and a half 


hours postmortem 


Inspection: The body was that of a man 42 years of age, 170 em. in height, 
of large, well-developed frame, poor musculature and nutrition. The skin and 
visible mucous membranes were very pale In the region of the left parotid gland 


and extending downward into the neck was a globular swelling, half again as 
large as a hen’s egg. This lav immediately beneath the skin, was elastic to the 
touch and freely movable. There was a similar but somewhat smaller mass just 
helow the angle of the jaw on the right side. Beneath the skin covering the front 
of the chest were a few masses of like description, the largest of which was flat 
tened and about the size and shape of the thumb nail. The skin over the anterior 
chest and over the lower aspect of both legs presented a number of pin head sized, 
hemorrhagic petechia. 

Peritoneum The abdomen contained a large quantity of cloudy fluid in which 
were numbers of gelatinous clots. The peritoneum was opaque and irregularly 
covered by fibrinous exudate The intestinal loops were frequently matted to- 
gether by fibrinous material, beneath which the serosa was opaque and irregularly 


injected. 


Lungs: Emphysematous, otherwise entirely negative 
Spleen The spleen measured 15 by 10 by 5 em The shape was well pre- 
served Seen through the capsule it presented a gray ish-red color The capsule 


was thin and tense. On section the organ cut firmly The cut surface was pink- 
ish in color. Seattered over the cut surface were innumerable large and small, 
rounded or irregularly outlined, pale, translucent bodies. These were arranged in 
close proximity to one another and the scanty amount of tissue between them 
was Opaque and pinkish; thus the cut surface presented a coarsely speckled ap 
pearance. Some of the larger translucent bodies were intersected by delicate red 
dish lines. The consistence of the organ was noticeably increased, imparting a 
fine grating sensation when crushed between the fingers Lying at the hilum 
were a half dozen lymph nodes, the largest of which measured 4 em. in length 
and 1 em. in thickness. The nodes were pale, discrete and elastic to the touch 
On section, the cut surface was pale and sprinkled over with minute reddish 
points, thus giving the whole a unely mottled appearance 
Adrenals and Semilunar Ganglia: Negative 
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Kidnevs These organs were considerably increased in size and presented the 
characteristic naked-eye appearance of an acute diffuse hemorrhagic nephritis. 


Liver, Gall Bladder, Pancreas, Urinary Bladder, Abdominal and Thoracic 





\ortas, Prostate, Testicles and Ureters: Presented no noteworthy naked-eye 
changes 
Bone-Marrow The marrow of the vertebre was diffusely bluish-red in color. 
Lymphoid Apparatus: The tongue, larynx, esophagus, thyroid gland, stomach, 


pancreas ind liver were removed en masse, togetoer with numbers ot enlarged 


Ivmph nodes from the lateral region of the jaw on both sides and from the neck, 


thorax and abdomen The tongue presented moderate numbers of hyperplastic 
Ivmphoid follicles at the base Large numbers of tumor-like masses were re 


moved from the region of the left parotid gland, from beneath the angle of the 


lower jaw on the right side, from the sides of the neck, esophagus and trachea as 


low down as the bifurcation of the latter. The peribronchial Ilvmph nodes were 
markedly enlarged and faintly anthracotic In these several situations the size 
of the individual nodes varied from that of a pea to a hen’s egg Many of the 
smaller nodes were entirely discrete In other instances large numbers of nodes 


of varving dimensions were clustered to form masses the size of a child’s fist 
This was specially true of the upper cervical region. Each node was enclosed in a 
definite connective-tissue capsule which served to separate one from the other 
On section. the nodules were moderately firm in consistence and presented a 
smooth, pale or faintly pinkish, homogeneous, glistening surface, intersected at the 
periphery. in occasional instances, by coarse, vellowish lines derived from the cap 
sule. In many of the nodules minute reddish points could be seen here and there 
or faint reddish lines were visible running across the cut surface. The mesentery 


was enormously thickened through the presence in it of dozens of pale, rounded 


masses, each enclosed in a connective tissue capsule which separated them from 
each other and from the peritoneal eovering of the mesentery These nodes 
varied in size from a small marble to a crab-apple and, on section, presented 
essentially the same naked-eve appearance as those elsewhere described At the 


hilum of the spleen were small numbers of enlarged, discrete lymph nodes. The 


pancreas was literally embedded in enlarged nodes, many of which were entirely 
discrete 

Stomac} The walls of the stomach were greatly thickened. The rug@w were 
unusually numerous and very prominent Between them the mucous membrane 
presented vast numbers of pale, opaque, nodular masses, separated from one an 
other bv shallow rvpts In the pvlorie region these nodules were still more 
numerous and prominent, where they appeared is discrete, rounded or conical, 
closely apposed elevations about 0.5 em, in height On section, they appeared to 
be limited to the mucosa and presented a pale, homogeneous surface 

Intestine Che walls of the intestine throughout were greatly thickened The 


lumen of the intestine was large, the mucous membrane pale or cream-colored. 





Scattered through it, from the pyloric end of the stomach to the anus, were 
mvriads of nodular masses of different sizes. These were arranged in such close 
proximity to one another that the intervening mucous membrane was scarcely 
visible. In the mucous membrane of the duodenum immense numbers of small, 
rounded nodules were separated from one another by small sheets of tissue made 
up of pin-head-sized follicles. In the jejunum the ruge were exceedingly large. 
Distributed through the mucous membrane, lying partly along the summit of the 
ruge and thickly dispersed through the mucosa between the ruge, were hundreds 


of pale, nodular projections, varying from the size of the head of a pin to that of 
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a large pea. For the greater part these bodies were conical in shape and rested 
upon a broad base embedded in the mucous surface of the intestine 1 few were 
attached by delicate pedicles and hung free in the lumen. Here and there these 


nodules were aggregated to form cauliflower-like excrescences from 2 to 4 mm. in 


height Essentially the same general description applies to the mucous men 
brane of the ileum throughout its entire extent, except that the cauliflower-like 
excrescences were even more numerous, and hyperplastic Peyer's patches came 
into view These latter bodies were present to the number of a dozen or more 
and were roughly quadrangular in outline and from 2 to 7 em. in length and 2 
to 4 mm. in height. The mucous membrane of the cecum presented a crear 
colored, velvety appearance and was thrown into massive folds that ere at 
ranged more or less concentrically \t the commencement of the ascend n 

is a pedunculated mass, 4 cm. in height, the surface of which was traversed 
Ly a few shallow furrows The mucous membrane covering the mass was smoot! 
ind slate-colored. On section the cut surface of the mass was pinkish in color 
ind smooth In the mucous membrane of the large intestine, from the ileocecal 
valve to the anus, were literally t] sands of closely aggregated, pale, rounded 
nodular projections, varying in size from a millet-seed to a split pea Mar of 
them presented small crater-like depressions at the summit In this part of ft 
intestine the transverse folds of the mucous membrane were enormous and were 
capped by numbers of rounded nodules, many of which were deeply pigmented 
The nodules lying in the mucous membrane between the folds ere pale and 
thickly set together, so that the contrast between the ruge and the intervening 
surface was verv striking 

inat ( Diaqnosis.—Chronie sclerotic localized pericarditis: brown atrophy 
of heart; emphysema; Ivmphoid hyperplasia of spleen; chronic interstitial sple 
nitis; acute diffuse exudative hemorrhagic nephritis: multiple angiomata of liver 
stasis; acute diffuse purulent peritonitis: Ivmphoid hyperplasia at the base of 
the tongue; Ivmphomatosis of the cervical, thoracic and abdominal lymph nodes 
ind of the gastrointestinal tract nseudoleukemia 

Wie scopical Evra nati Spleen The lymy i Tt wel ere nus 
numerous and varied in size within considerable limits Most of the owevel 
vere distinctly increased in size, rich in cells and definitely encircled by inds of 
delicately fibrillar connective tissue, enclosing within its meshes moderate n 
bers of lymphoid cells In other instances the follicles were irregularly inter 
sected by trabecule of fibrillar connective tissue that served to ivide them int 
cellular islands of variable shapes and sizes In still other places the follicles 
vere very small and were surrounded by masses of loosely arranged connective 
tissue, that appeared to be closing in equally on all sides, thus tending to replac« 
the follicle as a ole That such a replacement is eventually effected at times 


was evidenced by the fact that here and there were rounded islands of tissue made 


up of a rather coarsely reticulated network, supporting focal collections of 


lymphoid cells In still other instances the follicles were invaded and partially 
replaced by masses of connective tissue, suy porting considerable numbers of slit 
like apertures that were filled by red blood c rpuscles The vessels of the fol 
licles practically everywhere were thickened and hyaline in appearance and their 
lumina were partially o1 completely obliterated Between the various follicles 
the splenic pulp was extensively replaced by a delicate interlacement of con 
nective tissue fibrilla The interstices between the individual fibrils contained 
conside ral le numbers ot lymph« id cells: others were filled by red ct IIs. The con 


nective tissues also supported numerous smail sinuses lined by endothelial cells 


Most of these sinuses were occupied by lymphoid cells, others by red blood 


corpuscles. 
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Liver rhe only noteworthy microscopical change in the liver consisted in the 
occurrence of numbers of small, richly cellular lymphomatous foci, lying in the 
connective tissues of the periportal spaces and probably derived from the outer 
sheath of the portal veins. 


Kidneys: The microscopical changes corresponded to those usually found in 
acute diffuse hemorrhagic nephritis. 

Lymph Nodes Numbers of microscopical preparations of nodes removed 
from various parts of the body were examined All of them showed essentially 


the same changes. The normal architecture of the node was markedly altered, so 
that the distinction between cortex and medulla was entirely lost. Neither lymph 
follicles nor sinuses were distinguishable. The node was surrounded by a mod 
erately thick connective-tissue capsule through which small numbers of lymphoid 
cells were dispersed. Connective-tissue trabecule, derived from the capsule, pene 
trated the node at different intervals and divided the substance of the organ into 
lara lensel ellular islands of lymphoid tissue Among the Ivmphoid cells 
vere moderate numbers of large rounded cells with abundant pinkish cytoplasm 
Lhese cells were provided with a single large rounded or indented nucleus or, in 
some instances, with two or three nuclei The connective tissue trabecule were 
road and mad ip of exceedingly delicate, loosely woven fibrils, sprinkled 
through the meshes of which were relatively small numbers of lymphoid cells, 


The connective-tissue bands were dispersed through the substance of the node in 


1 more or less regular fashion, and their pale, non-cellular appearance formed a 


striking contrast to the large, densely cellular Ivmphoid islands around which 


they were disposed Microscopical examination of the discrete nodes described 
in the protocol as reddish in color or faintly speckled revealed a slightly modified 
picture In these nodes large, densely packed masses of lymphoid cells were sepa 
rated from one another by thin bands of coarsely reticulated connective tissue 
supporting numerous deeply injected vascular channels with thick. hyaline walls 

Intestine Sections removed, for microscopical examinations from the nodular 
ireas in different parts of the intestime disclosed the presence of enormous 
lvmphoid collections occupying the mucosa and submucosa, replacing and almost 
completely destroying the glandular elements Arranged around the periphery of 
the individual nodules were numbers of small, circumscribed, richly cellular 
lvmphoid foci that stood out in strong contrast to the interior or medullary sub- 


stance, which was composed of loosely arranged, diffusely distributed lymphoid 


This case is interesting from several standpoints. In the first place, 
it presents certain clinical features that are suggestive of Hodgkin’s 
isease, in that the initial visible manifestations of the process occurred 


n the cervical region in the form of slowly progressive glandular enlarge- 


ments that were discrete, painless and freely movable beneath the skin. 
These were accompanied by advancing asthenia and cachexia and by 
the blood picture that is usually found in Hodgkin’s disease; in fact, 


in the absence of a microscopical examination of the glandular masses 


during life, the case was actually regarded as one of Hodgkin's disease 
Death occurred after the lapse of eighteen months and the anatomical 


distribution and naked-eye appearances of the enlarged glands fulfilled 


the requirements of Hodgkin’s disease as seen at autopsy. The wide- 


spread lymphoid hyperplasia in the gastrointestinal tract, however, stood 
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t in marked contrast to all the known lesions of Hodgkin’s diseas 
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Wells and Maver’s case there is an indefinite reference to digestive dis 


turbances. In two cases intussusception occurred. 
13. Wells and Maver Am. Jour. Med. Se 1904, exxvili, 837 
14. Hoffman: Arch. f. klin. Chir.. 1907, Ixxxii, 794 


15. Celler: Tr. New York Path. Soc., 1908, viii, 148 
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The anatomical picture, however, is more uniform. In practically 
every case the superficial lymphoid structures were more or less en- 
larged. Thus the faucial and lingual tonsils were enlarged in five cases, 
while hyperplasia of the superficial lymph nodes was almost constant, 
especially in the cervical region, being absent in one case only. The 
spleen was enlarged in eight instances, depending, apparently, on hyper- 
nlasia of the lymphoid follicles. In 4 cases small lymphomatous foci 
were present in the interlobular connective tissue of the liver. 

In the gastrointestinal tract the changes varied both in extent and 
location. Great thickening of the walls of the stomach was practically 
constant and in most instances the mucous membrane was thrown into 
massive vermiform folds. Between the folds the lymphoid tissues were 


markedly hyperplastic, appearing as nodular masses or as polypoid pro- 


jections. In the intestine the duodenum presented more or Jess marked 


evidence of lymphoid hyperplasia in seven cases. Similar but more ex- 
tensive changes were constant in the jejunum, where polypoid masses 
frequently were encountered. Widespread hyperplasia of Pever’s patches 
was a constant feature. In four instances the appendix was markedly 
thickened. In two cases the mucous membrane of the cecum was thrown 
into large sinuous folds. Lymphoid hyperplasia of the follicles in the 
large intestine was present in nine cases, most often in the form of dis- 
crete nodules, but sometimes in the form of polypoid outgrowths. In 
nine instances the abdominal lymph nodes were enlarged, sometimes to 


an enormous extent, 


SUMMARY AND CONCLUSIONS 


1. Whether Sternberg be correct in his contention that the changes 
in Hodgkin's disease are tuberculous is a problera with which this paper 
is not directly concerned, but, in view of the doubtful etiology of the 
disease and the several synonyms which have been incorrectly applied, 
it seems desirable, in the light of the specific histology which has been 
established for the process, to coin some term which will deseribe it 
microscopical peculiarities and serve, at the same time, to distinguish 
the disease from pseudoleukemia and other lesions with which it has 
been confounded. For these purposes the term “Hodgkin’s granulo- 
matous lymphoma” appears to be suitable, since it designates the type 
of tissue in which the disease commences, the initial changes by which 
it is characterized, and the secondary changes that occur in the course 
of its development, while it reserves to Hodgkin the recognition that is 
due him. At all events, it is scarcely justifiable to employ the term 


“pseudoleukemia” as a synonym for “Hodgkin’s disease,” since the two 
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processes, when fully developed, are readily s parable and present tot 
different histological alterations. 

2. From the histological features described in the spleen in the case 
first presented I think it is shown that there is a primary splenic form 
of Hodgkin’s disease, while Cases 2 and 3 serve to emphasize the fact 
that the abdominal lymph nodes may be the seat of origin. 

3. The histogenesis of Hodgkin’s disease, both in the lymphatic sys- 
tem proper and in the viscera, appears to be conceived in the formation 
of lymphomatous foci, while the characteristic granulomatous changes 
are sequential. 


In conclusion I wish to acknowledge my gratitude to Dr. Uarrison 


S. Martland, pathologist to the Newark City Hospital, for the drawing 


in the case of primary splenic Hodgkin’s disease and to Dr. Charles E. 


Farr for the photograph of the intestine in the case of pseudoleukemia 


7 West Fifteenth Street. 


ADDITIONAL REFERENCES 


3. Carrington: Tr. Path. Soc., London, 1884, xxxv, 386. 
Hadden: Tr. Path. Soe, Lond., 1888, xxxiv, 128. 
Pitt: Tr. Path. Soc., London, 1889, x1, 80. 

. Schlesinger: Ztschr. f. klin. Med., 1897, xxxii, Suppl. Heft, 179 
Herrick: Tr. Chie. Path. Soe., 1897-09, iii, 245. 

. Stoerck: Wien. klin. Wehnschr., 1904, xvii, 4. 








SPHYGMOGRAPHIC STUDY OF A CASE OF COMPLETE 
HEART-BLOCK 


CONTRIBUTION TO THE STUDY OF THE ACTION OF STROPHANTHUS ON 
THE HUMAN HEART* 


GEORGE BACHMANN, M.D. 


PHILADELPHIA 


One of the most interesting of the disturbances of cardiac function 
is the one known as heart-block, a condition in which the auricular and 
ventricular rhythms are dissociated and in which a most notable infre- 
quency of the pulse is usually observed. The experimental work of 
Humblet,’ Hering, and of Erlanger* on the atrioventricular bundle of 
His and the concomitant observation that heart-block may occur spon- 
taneously in man have so stimulated the study of bradycardia that, 
within a few years, a relatively large number of cases presenting the 
phenomenon of auriculoventricular dissociation has been reported. Dis- 
sociation of the contractions of auricles and ventricles is most often 
found in patients suffering from the Adams-Stokes syndrome. There 


have been, however, a few undoubted cases exhibiting the symptom-com- 


plex of permanent bradveardia in association with syncopal or epilepti- 


form attacks. in which the condition of auriculoventricular dissociation 
could be definitely excluded (Lépinet). On the other hand, heart-block, 
either complete or incomplete, has been found in eases in which there 
were at no time any of the nervous phenomena which characterize the 

*From the laboratories of the Jefferson Medical College Hospital. 

1. Humblet: Le faiseeau inter-auriculo-ventriculaire constitue le lien physi 
ologique entre les oreillettes et les ventricules du ceeur du chien. Arch. internat. 
de physiol., 1904, i, 278: 1906, iii, 330. 

2. Hering, H. E.: Ueber die Erregungsleitung zwischen Vorkammer und 
Kammer des Siiugetierherzens. Arch. f. d. ges. Physiol., Bonn, 1905, evii, 97. 

Nachweis, dass das His’sche Uebergangsbiindel Vorhof und Kam 
mer des Siiugetierherzens functionell verbindet. Zweite Mitteilung. Ibid., 1905, 
eviii, 267. 

3. Erlanger, J The physiology of heart-block in mammals with especial ref- 
erence to the causation of Stokes-Adams disease. Jour. Exper. Med., 1905, vii, 
676: 1906, vill, 3. 

4. Lépine, R.: Sur un cas de syndrome d’Adams-Stokes sans blocage. Semaine 


méd., 1907, xxvii, 601-603 
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Adams-Stokes syndrome (Mackenzie,.° Joachim,® Gerhardt,’ James.‘ 
Chauffard,® Gibson,'® Jellinek and Cooper,'' Bachmann™ 

block, of a transitory character, may also be observed in 

soning. 

The observations recorded in the present paper were made on th 
patient presenting the Adams-Stokes symptom-complex whose clinical his- 
tery will be reported by Dr. Kalteyer later. 

The notably infrequent pulse and the presence of relatively frequent 
faint fluttering pulsations at the root of the neck made one suspect th 
cause of the bradycardia to be dissociation in the action of auricles and 
ventricles. The movements of the apex beat, carotid and jugular pulses 


were accordingly recorded in order to decide this question. 


Ames 


ene 1) se 


Fig. 1.—Simultaneous tracings of pulsations in the right internal 
vein, carotid artery and of the apex-beat (Dec. 30, 1908). 


Figure 1 is one of the tracings obtained during the first days of th 
patient’s stay in the hospital. This tracing shows that the ventricular 
contractions were infrequent and regular, and that each of these was 

5. Mackenzie, J.: The cause of heart irregularity in influenza. Brit. Med 
Jour., 1902, ii, 1411. 

6. Joachim, G.: Das Verhalten des linken Vorhofes bei der Stirung der Reiz 
leitung. Ztschr. f. klin. Med., 1907, Ixiv, 95. 

7. Gerhardt, D.: Beitrag zur Lehre vom Pulsus intermittens und von der 
paroxysmalen Bradycardie. Arch. f. exper, Pathol. u. Pharmakol., 1904, li, 11 

8. James, W. B.: A clinical study of some arrhythmias of the heart An 
Jour. Med. Se., 1908, exxxvi, 469. 

9. Chauffard: Bradyeardie asysto ique. Rev gén. de, clin. et de thérap 
1907, xxi, 437. 

10. Gibson, G. A.: A discussion on some aspects of heart-block Brit. Med 
Jour., 1906, ii, 1113. 

ll. Jellinek, E. O., and Cooper, C. M.: Report, with comment, of six cases of 
heart-block, with tracings, and one postmortem examination of the heart Brit 
Med. Jour., 1908, i, 796 

12. Bachmann, G.: Complete auriculoventricular dissociation without syncopal 
or epileptiform attacks. Am. Jour. Med. Sc., 1909, exxxvii, 342-364 
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followed by a carotid pulsation; the auricular contractions (a), as 
reflected in the jugular pulsations, were from two to three times as 
frequent as the ventricular contractions. The auricles and ventricles 
exhibited, therefore, a different rhythm, each rhythm, moreover, bear- 
ing no definite relations to the other. In other words, the ventricular 
contractions were absolutely independent of the auricular contractions, 
and the notable bradycardia observed in the patient was due to the fail- 
ure on the part of the auricles to excite the ventricles to contraction. 
There was, therefore, a complete block to the passage of the excitation 
wave from the auricles to the ventricles, and the latter were beating by 
virtue of their own power of rhythmic stimulus-production. 

The ventricular and auricular rates of contraction during the first 


days the patient was under observation are given in Table 1. 


o an ove 





imi Laddadlinn idea 
L/ ih Al . ff "Al dV ¢ wi | AMS | 
ae lee ’ 

. v \ } v\ ry \ 

— ' J Sy ij ~ PAL 
I | f } IN . . t/\ 
re hy ig he? fin FP RR be 





wm nennn 
frre See 


Fig. 2.—Tracing showing a well-marked “sinus wave.” This wave, attributed 
to the contraction of the mouth of the precava, is marked by an X (Dee. 31, 











1008). 
TABLE 1. 
lburation Duration 
No. of inl 0 No. of Vs inl 0 No. of As 

Date Vs sere per. min. No. of As se per. min As : Vs 
Oct. 27, 1908 13 206 37.86 34 238 85.7 2.26: 1 
Oct. 28. 1908 23 411 33.57 53 424 75 2.23:1 
Oct. 30, 1908 RL 352 $2.38 44 359 73.53 2.27:1 
Oct. 30. 1908 18 345 31.3 43 364 TOST 2 20:1 
Oct. 30, 1908 15 283 31.8 38 313 72.84 2.29: 1 
- 33.38 — 75.59 2.26: 1 


Average 


A closer analysis of the tracing (Fig. 1), which may be used as a 


tvpe, shows 


I 


n the record of the jugular pulsations a number of posi- 


tive waves of unequal heights. Those marked a are referable to the con- 


tractions 0 
projection of 
beginning of 


designated ¢, 


f 


the tri uspid 


the right auricle; those marked s are due to the upward 


valve into the cavity of the auricle at the 


ventricular systole. These correspond to the wave usually 


and in this instance it is often vitiated by the pulsation 
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of the subclavian artery, owing to the latter’s abnormally high position 
above the clavicle. The third positive wave, v, 1s probably attributable 

the relaxation of the papillary muscles and the ascent of the auriculo 
ventricular septum at the end of ventricular systole. The height of 
the auricular waves varies according to the time of occurrence of the 


1 when the auricular contraction 


wuricular contractions, being very 


Fig. 3.—Tracing from the right radial artery [There are no abnormal waves 
on the katacrotic limb of the pulse wave as seen in most of the other tracings 
obtained from the carotid artery. 
takes place during ventricular systole, and very low when the auricular 
contraction occurs shortly after the beginning of ventricular diastole. 
This finds its explanation in the ventricular pressure changes occurring 
luring the cardiac cycle. If, when the ventricle is in a state of con- 
traction, the auricle suddenly contracts, the rise of intra-auricular pres- 
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Fig. 4 fracing taken on Nov, 19, 1908, at a time when the syncopal and 
epileptiform attacks had become more frequent and more severe rhe apparent 
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the a wave. In either case the resulting compound wave is generally 
higher than either wave taken separately. A small wave immediately 
preceding the a wave can be seen in most of the tracings illustrating this 
article. This wave has been observed and described by Erlanger and '. 
by Gibson, and has been attributed by them to the contraction of the t 
mouth of the vena cava (sinus contraction) ; it is more likely to appear 


when the veins are well filled. This sinus wave is especially well de- 
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Fig. 5.—Tracing taken during a short attack. 


fined in Figure 2, which was taken on a day (Dec. 31, 1908) when the 
jugular veins were more distended than usual. 

The carotid pulse in nearly all the tracings is of the anacrotic type 
and has the rounded summit typical of the senile pulse. There are faint 
indications of small waves on the katacrotie limb of the pulse wave out 
side of those normally found there. They bear a definite relation to 
the a waves of the jugular pulse, and are in all probability due to the 
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Fig. 6 lracing taken during a longer attack. Note the prolonged stoppage 
in the ventricular contractions and that the convulsive movements do not occur 





until toward the end of the ventricular silence. The auricles go on beating regu- 
larly. 


latter. That they are not produced by variations in intraventricular 
pressure affecting the arterial blood column is shown by the absence of 
such waves in the radial pulse (Fig. 


» 


3). When these waves are intrinsic 
in the artery they may be demonstrated in the radial pulse, as in Web- 


ster’s case and in some of Gibson’s cases, or in the brachial pulse, as in 


Erlanger’s case. 
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The record of the apex-beat varies in appearance in the various 
tracings. This is due, in part, to changes which took place in th: 
tonicity of the heart, the systolic plateau becoming better sustained as 
the patient improved, but in greater part to changes in the position 
which the patient assumed while the tracings were taken from day 1 
day. ‘The patient suffered at first from orthopnea and had to b 


1 the result that the heart receded from the chest wall: 


propped up, wit 


as Improvement progressed it became possible for the patient to assume 
the recumbent posture without inconvenience; under such circumstances 
a better record of the apex-beat was obtained, as shown by the later 
tracings. The ventricular systole is somewhat prolonged, lasting from 
0.4 to 0.5 second. The diastolic period is interrupted by a varying nun 


{ 


ber of small waves which correspond to the a waves of the jugular 
tracing, and have the same significance. The auricular contraction: 
whi h. as mentioned above, occur during the ventricular contraction, 


influence the form of the systolic plateau in that they deform it, usually 
causing a pronounced indentation or a “crushing” of its summit. This 
effect of an auricular contraction on the form of the systolic could not 


serve as a reliable means of identifying an auricular systole, so that a 


record of the apex-beat alone can not be used for estimating the number 
of auricular contractions in the cardiac evel n cases OL aul oOvel 


tricular dissociation. 


From the time of admission (Oct. 26, 1908) until November 10 fol- 


{ 


lowing, the patient had SIX attac ks a vertigo followed bh Ors © 


became more lrequent 


sciousness. On November 10 the syncopal attacks 
and were accompanied by epileptiform convulsions. \ number of 
tracings were taken on this date, but no syncopal attack occurred during 
the observation. The analysis of the tracings, however, revealed the 
interesting fact that, while the auricular frequency had remained prac- 


tically unchanged, the ventricular frequency had fallen considerably. 


TABLE 2 
Duration Duration 
No. of in 1/10 No.of Vs in 1/10 No. of As 
Date Vs se per. min. No. of As Ser per. min As : Vs 
Novy. 10, 1908 9 269 20.07 31 276 67.5 3.36:1 
Nov. 10, 1908 10 280 21.42 37 281 78.28 3.05:1 
Nov. 10, 1908 9 260 20.76 33 64 75 3.61:1 
Nov. 10, 1908 9 272 19.85 34 280 72.85 3.67 :1 
Nov. 10, 1908 9 P30 19.28 38 5 77.2 4 | 
Nov. 10, 1908 ~ 238 20.16 33 40 82.0 4 :] 
Average 20.25 - 75.48 3.4231 


A comparison of Table 2 with the preceding one shows that the ven 


tricular frequency fell from an average of 33.38 per minute to an aver 


age of 20.25 per minute. The auricular frequency, as stated above, did 
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) became Im consequence greater, 
the average being 3.72 :1, instead of 2.26 :1, as in Table 1, while in 
: ell il tracings this ratio reached 4:1 (Fig. 4) It seems as 
if the vere some direct relation between the slowing of the ventricu 

s ( ncreaset equel il SEVE t SV! 

\ ngly, this slowing of e ventricles might be regard 
is t ssion of a general tender on their part to cease contracting, 
it least temporarily, and thereby to bring about the various nervous phe- 
nomena erved in the Adams-Stokes syndrome, through anemia of the 
nerve centers. In this case, as in most cases so far reported, it was 

SCT Ve that ti syncopal and ¢ ilept rm attacks wert mime ite 
preceded 1 complete disappearance of the pulse for a variable period 
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the muscle bundle of His Nevertheless, in é ti 
t nossibilitv of this disorder originating In somé sturbance in 
nnervation of the heart, the a n test was applied. Dehio was 
first to employ atropin as a means of determining the part played b 
cardio-inhibitory apparatus in infrequent or in irregular action o 
eart [he same observer used the atropin test in a case of Ad 
Stokes svmptom-complex and four that the g d not influe 
the pulse-rate n any notabie mann Since then a pil ~ 
ser Vv a number ot investigators in simular cases The eff rt at 
nin on the heart, under such circumstances, varies wit thie egret 
eart-block present. When the b . ple ! ses a 
or less marked increase in auricular frequen while the vent: 
rate remains pract cally unchanged; when the blo Ss incomplete 
increase in auricular frequency is accompanied by an increase in \ 
, 
* {| 
‘ j ' 
i \ 
’ 

Fig. 8 Tracing taken immediately before the administration of strophant 
(Nov. 20, 1908) 
tricular frequency, owing to the circumstance that some of the auri 
lar impulses are able to reach the ventricles and excite these t ntr 
tion. The action of atropin in heart-blo s explained { f 
established experime ntally by Erlang r and others, that t Vagus ne 
acts directly on the auricles only (possib mly on the ght au 
the increased ventricular (pulse) rate w norma wes the s 


13. Some doubt has been expressed by 
the generally accepted opinion that the 
ducting the excitation process from aurk 
ligation and crushing of the bundle of His 
ture any of the adjacent tissues, will not 
lar and ventricular Arch 
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lary to the increased auricular rate. 


vension OL vagus action Is secon 


Che presence of a complete block between auricles and ventricles nat- 


ural renders the latter absolutely independent of any change in the 
rate o e former 
l dose itropin ordinarily recommended for this test is 1/50 
g n er! illy, but owing to the patient’s unfavorable condition 
t was t t safer to administer a smaller dose—viz.: 1/100. The 
esu viven in Table 3 
Papi } Errect OF ATROPIN, 1/100 Grain HyYPODERMICALLY 
r ! 
ection of No. Duratior Duration 
atropir f n1l,10 No. of Vs. No. of in 1/10 N f As 
Vs set per min As sec per min As:Vs Remarks 
Before th io 20.57 24 IS4 73.26 80:1 
Before | 0 O79 os math S155 3.92:1 
Befors 7 02 20.79 26 198 78.78 3.78:1 
After 
Hr. Mir Atropin injected. 
a) 7 197 21.32 27 210 77.14 3.61:1 
_ 7 192 21.87 2H POS 76.09 3.48:1 
12 ; boo 21.10 26 214 72.89 3.45:1 
s i 222 16.21 33 230 86.09 5.31:1 Vs. irregular. 
rs s 4 1.42 0 235 76.59 3.57:1 Vs. regular. 
28 ) 59 2). 84 3 62 75.57 3.62:1 Vs. regular. 
3 9 T7 19.48 a7 280 79.28 $.12:] Vs. irregular. 
7 } 20) 19.28 9 289 80.96 $2 :] Vs. regular. 
13 9 73 19.78 37 285 77.89 3.94:1 Fig. 5. 
18 8 248 20 37 259 85.71 4.28:1 Vs. regular. 
8 10 46 24.39 37 250 88.8 3.64:1 Syncopal ittack 
1.14 s 257 18.67 39 275 85.1 $.55:1 Vs. stopped 4.8 sec. Fig. 
1.19 s 74 17.52 14 291 90.72 §.17:1 Syncopal attack. 
1.25 ll 1 22.37 43 280 92.14 $.11:1 Vs stopped 4.9 sec, 
Vs. irregular. 
1.31 ) oy] 18.55 52 312 100 5.3921 Vs. regular 
1.40 7 211 19.9 36 257 84.04 1.22: 1 Syncopal attack. Vs. 
stopped twice, each 4.9 sec. 
165 7 216 19.44 7 230 96.52 £.96:1 Vs. regular. 
1.53 6 184 29.34 35 218 96.33 3.28:1 Vs. regular. 
2 7 211 19.9 38 234 97.43 4.89:] Vs. regular 
1.30 i) 56 21.09 10 266 90.22 +.27:1 Vs. regular. 
1.35 8 32 20.69 32 241 79.66 3.85:1 Vs. regular 
4.40 s 234 20.51 34 246 82.92 4.04:1 Vs. regular. 
445 S 39 20.69 36 240 90 4$.35:1 Vs. regular. 
4.50 7 219 19.17 0) 229 78.6 4.1 :1 Vs. regular 
The above analvsis of the tracings shows the usual outcome of the 
atropin test in cases of complete heart-block—namely, acceleration of the 


auricles—the ventricular rate remaining unaffected. But definite con- 


clusions from the ventricular action can not be drawn in this instance 
because of its irregularity during the greater part of the test. Several! 
typical attacks occurred while the tracings were being taken. The 


} 


dependence of the convulsive seizures on the cessation of the ventricular 


1 


ions is well illustrated in tracings Figures 5 and 6, where the 


contrat 
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time of occurrence of the convulsive movements is plal shown. It will 
pe seen also that complete stoppage of ventricular action may occur su 
denly without the preliminary gradual slowing enerally obs 
: | 
(Fig. 6). Tracing Figure 5 demonstrates the increased vent! 
rate which follows an attack. It is a notewort t that nearly 
he instances of ventricular stoppage I was abl » re during ‘ 
servation lasted 4.9 seconds and that the ged s io seen ) 
Figure 6 is a multiple of this (9.8 seconds) The auricular ntrac 
ons, under the influence of atropin, remained perfe egular through- 
the test with the exception I ed ( “W I} ncereas¢ n rate is 
ut slight and oc irred ilé much later than as been served hers 
( It Ss pr ye that the smaliiness r OSE pin en 
a 
/ 2 a 
/ 4 ' 
s 
y 
; a 
Carctid ‘ ; 
\ in : ; 
j 2 L. a J 
| Cardiac Apex ’ ’ 
’ 
WLVAAAAAAAAIAAMAANAAAA MEAD AREA AAAAGBABARAAAGAAL VAGAGEAABAASAAABEEAG AAA AE AAAMAN 
Time 1/10 sec. 
Fig. 9. Tracing showing the eflect of sti inthus The iriculay ntra¢ 
tions have decreased, the ventricular contractions ive increased in frequen 
Nov. 23, 1908). 
] +} ne tat ; ’ + ) ] y 
is Wet is Tit = iyeis = t ‘ t } en s ( Cu ¢ f a 
: 
responsibie I1or nis siignt and siow response | ( es not seen i 
be anv relation between the stoppage of the ventricles which precedes an 
attack and the frequency of the au ilar contractions Erlanger states 
that in the case he studied the slowing of the vent es was synchro! 
1 ith ¢« ndd ler ) f +} nT ] | nal ; 
us with a sudden acceleration of the auricles vas unable con 
firm this observation in the case ul der discussion The au ilar rate 
it is true. increased under the influence of atropin: this increase, how- 
} ‘ = } 
ever. was not a sudden but a gradual one, and the observation maa 
Erlanger that atropin will not call forth an attack is attributed by him 
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SPHYGMOGRAPHIC STUDY OF COMPLETE HEART-BLOCK 


The only thing of note in this connection is a 
slight and momentary auricular arrhythmia which took place during a 
mild attack (Fig. 5). This is the only instance in which this was 
observed and may have been, therefore, nothing but a coincidence. The 
complete dissociation of the action of auricles and ventricles, together 
with the results of the atropin test, indicate that the break in the con- 
ducting path between auricles and ventricles is complete and consti- 
tutes strong presumptive evidence of an organic lesion implicating the 
bundle of His to a marked extent. An opportunity is thereby made 
available for the study of drugs used in cardiac therapeutics, about whose 
mode of action there may still be some doubt. Such a drug is strophan- 
thus. Germain Sée and Gley, Delseaux'* and other pharmacologists are 
of the opinion that strophanthus does not modify the cardiac rhythm 
through any action on the medulla or on the cardiac nerves. On the 


A— 
| Carduac sper 
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Time 4/10 see. 





Fig. 10 rracing taken after the withdrawal of strophanthus. Note the re 
turn of auricular contractions to their former rate. The action of the entire 
heart has increased in strength as shown by the increased height of the auricular 
and ventricular contractions (Dec. 29, 1908). 


other hand, Kochmann'® observed that, after section of both vagi, stro- 
phanthin (Merck) did no longer diminish the rate of the heart-beat. 


Liagre*® was able to fully confirm these latter findings with both the 
tincture of strophanthus and strophanthin. He found, also, that thes 
preparations will fail to slow the heart’s action when the vagi have 


had their conductivity suspended by means of atropin. He demon- 


14. Sée, Germain, and Gley and Delseaux (quoted by Liagre): Jour. de physiol 
et de path. gén., 1906, viii, 988). 


15. Kochmann: Beitrag sur Wirkung einiger Kiérper der Digitalisgruppe auf 
den N. Vagus. Arch. internat. de pharmocod., 1906, xvi, 221. 

16. Liagre, C.: Action de la teinture de strophantus et de la strophantine sur 
le rhythme du ceur. Jour. de physiol. et de path. gén., 1906, viii, 988. 


mR NI ge Te 





GEORGE BACHMANN 


strated, furthermore, that strophanthus, or its alkaloid. 
any bradycardia in the perfused and isolated heart, 
contrary, a noticeable tac cardia ensues whicl 


s complicated by arrhythmia. 


In a previous communication’? I sh { that strophantl 


nedadicinal doses, in a case of complete heart-block, decreases 


lar rate, while the ventricular rate remains practically constant. 


action of the drug was also studied in this case Five minims 
tincture of strophanthus (U. S. P.) was given three times a day 
November 21 till November 25, on which date the dose was increased 


to ten minims. The administration of the drug was continued at this 


dose till Dec. 7, 1908, when it was withdrawn altogether. Tracings 
were taken just before the administration of strophanthus and then 
afterward, sufficiently often to determine the reaction of the heart 
toward the drug; the observations were continued after its withdrawa 
The results are presented in Table 4, and are also graphically repre- 


sented in a chart (Fig. 12). 


TABLE 4 EFFECT OF STROPHANTHUS 


No. Duration Duration 

of in1/10 No. of Vs. No. of in 1/10 No. of As 

Vs. - per min d sec per min As:V Remarks 
M4 43.52 
{ . 

2.39 Before. 


Strophanthus m.v. t 
Strophanthus m.v t 
Strophanthus m.v t 
Strophanthus m.x t 
Strophanthus m.x t 
Strophanthus m.x t 
Strophanthus m.x t 
x Tt 

6 

x t 

1 


d 
d 
d 
d 
d 
d 
l 
l 
l 
l 


Strophanthus m 
Strophanthus m 
Strophanthus m 


1d 





Strophanthus m.x 
Strophanthus stopped 


680 
817 

1308 
1113 
1070 


—iiadiadt iit. nnn 
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Gone home for Christmas 
1073 
968 
1102 
1228 
G0 
1020 
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The most striking effect of the action of strophanthus on the heart’s 
action is seen in the notable decrease in the frequency of the auricu- 
lar contractions. It is to be noted that no such effect is exerted upon 
the ventricular contractions; on the contrary, these are conspicuously 

: increased in rate. In this way is brought about an approximation 
toward normal heart action, as shown by the decrease in the As: Vs 
ratio. ‘These findings are a confirmation of the statement I made in 
another place, that strophanthus slows the heart by stimulating th 
vagus nerve. They also confirm the animal experiments of Kochmann 
and of Liagre and show the propriety of their application to the human 


heart. The ventricles in this case exhibit the tendency to acceleration 





manifested in the tachycardia of the isolated and perfused heart when 
t is subjected to the action of strophanthus. Von Tabora'’ made son 


experiments on the mammalian heart which may be of interest in this 
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Fig. 11 [racing taken later after the withdrawal of strophanthus. The 
auricular frequency continues to increase. The improved cardiac condition per- 
sists (Jan. 6, 1909). 


connection. After crushing the bundle of His, thereby producing a 


complete and permanent auriculoventricular dissociation, this investi 
gator injected digitalin intravenously; the results which he obtained 
were a doubling of the ventricular rate and a gradual decrease in the 
auricular rate going on to complete arrest. Thus it will be observed 
that there exists a certain parallelism in the mode of action of stro- 
phanthus and digitalis (digitalin) in bringing about a decrease in the 
frequency of the heart beat. 


17. Von Tabora, D.: Ueber die experimentelle Erzeugung von Kammersys- 
tolenausfall und Dissociation durch Digitalis. Ztschr, f. exper. Path. u. Therap., 
1906, iii, 549. 




















ii ehh ere are 








1) cc etal ett 


nen 


» Phone 





That the slowing of t 


fact that, following the 













GEORGE BACHMANN 


. : 
he auricies was not ltortultous Is 


, 


complete withdrawal of the drug, their 





rradually increased until it reached and went beyond the figure whic] 
it had before the test. The tonic action of the drug on the ventricl 
persisted, so that their frequency remained a littl gher than e- 
diately before the test 
| improvement of the circulation under e influence stro 

Dial us ha l st I irkable res | hncopa nd epile 0 
S\ res which had been increasing in frequency and severity graduall 
ecame less frequent and in a short time disappeared, not to retu 
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Fig. 12.—Chart based on 
auricular and ventricular r 
vagus stimulation or the vag 
of the drug. 


again, even after the wit] 


felt so well that he left 


Jagic'® has reported 
a temporary improvement 
digitalis (0.05 gm. a day 


18. Jagie, N.: Ein Beitrag 
komplexes. Ztschr. f. klin., 


ates. Apparently, the auricles either es ipe from 
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of the small dose of digitalis used, which, he thinks, could hardly have 
stimulated the vagus, but could, nevertheless, have acted directly on 
the heart muscle.’® He states that digitalis in larger doses may do harm 
by further depressing conduction through vagus stimulation; but, as his 
case was in all probability one of complete heart-block, and as Erlanger’s 
experiments, as well as the atropin and strophanthus tests, indicate that 
the vagus influences the auricle only, Jagic’s fears do not appear well 
founded. That vagus stimulation, in cases of complete block, is not 
incompatible with decided improvement in ventricular action is shown 
in the study of the effect of strophanthus herein reported. The result 
might be different in cases of incomplete heart-block, for in this condi- 
tion some of the auricular impulses pass over to the ventricles, and 
usually these are still dependent for their contraction on the arrival of 
the auricular impulses. A slowing of the auricles, through the action 
of digitalis or strophanthus on the vagus, would inevitably be followed 
by a decrease in the frequency of the ventricular contractions. Digitalis 
might, moreover, further depress the conductivity of the auriculoven- 
tricular bundle. The combination of these two effects would naturally 
aggravate the condition. Such a result is apparently not to be feared 
‘a cases of complete heart-block. 

I wish here to express my indebtedness to Professor J. C. Wilson 


for the privilege of studying the case. 


19. The article does not contain any tracings, nor is there any mention of any 


having been taken. 





EFFECTS OF THE ADMINISTRATION OR THE WITHHOLD- 
ING OF IODIN-CONTAINING COMPOUNDS IN NORMAL, 
COLLOID OR ACTIVELY HYPERPLASTIC 
(PARENCHYMATOUS) THYROIDS 
OF DOGS 


SOME EXPERIMENTS ON (CONGENITAL) PRENATAL THYROID HYPERPLASIA 


REMARKS ON THE CLINICAL MANIFESTATIONS 


IN DOGS: 
THYROID HYPERPLASIA * 


ASSOCIATED WITH MARKED 


DAVID MARINE, M.D., anp C. H, LENHART, M.D 


CLEVELAND, OHIO 


The observations and experiments here recorded have been made on 
dogs, and include three with normal, eight with colloid and seventeen 
with actively hyperplastic glands, as ascertained by the first specimen 
of thyroid removed. The plan followed has been to remove a c 


ologic diagnosis and lod! 


portion of the thyroid from each dog for hist 


determination, and at intervals to remove other portions tor comparison. 


Our experiments may be divided into two groups: (1) those in 


iodin was administered and (2) those in which no iodin was 

tered, except what was contained in a liberal diet of cooked meat, 
sodium chlorid, milk and water. The food g the same in 
group, no other remarks are necessary, except that dogs normally 
some iodin from such a diet. These two groups have been tabulat 


cs Ml «& 


and in presenting Tables 1 and 2 we have arranged the cases 
to the anatomic groups represented, ascertained 
lagnosis irst specimen of thyroid removed. 


From the Laboratori« 


ern Reserve Unive rsity 








LODIN IN THYROIDS 


hyperplasia and also that iodin is increased even in normal glands, 
though slightly. This is what is expected when one recalls the normally 
wide variations in the iodin contents of normal glands from all ani- 
mals.'. The other point of importance, namely, that glands may grow 
in size and yet never show any deviation from normal structure, is of 
considerable interest, in that it furnishes additional proof that hyper- 
plasia, however slight, is no part of the normal growth of normal glands, 
but must be the evidence of some abnormal factor or stimulus. Further. 
it shows that the administration of iodin will not prevent the normal 
growth of a normal gland. Lastly, when the three cases are taken to- 
gether, it is seen that the amount of thyroid removed is of secondary 
importance to the iodin content in determining the occurrence of hyper- 
plasia, although iodin does not seem to prevent hyperplasia after a cer- 
tain maximum of thyroid is removed, just as it does not prevent the 
normal growth of pups’ thyroids. It will be noted that all three dogs 
were young. This, as Horsley? and all subsequent investigators have 
shown, is very important, since the needs for the gland’s activities are 
greater in youth. The symptoms following the removal of the thyroid 
are also greater, and compensatory hyperplasia occurs more constantly 
and more rapidly the younger the animals are. 

Colloid Glands.—There were three cases (A-51, A-120, A-118) in 
which iodin was given and five cases (A-63, A-95, A-104, A-106, A-122) 
in which it was not given. In the five cases in which iodin was not given 
there was @ gradual lessening of iodin in the succeeding portions re- 
moved, just as in the normal glands. This is in sharp contrast with 
the hyperplasias, all of which will be seen to have gained slightly in 
iodin. It suggests that the ability of normal or colloid glands to store 
iodin from the food is much less than that of actively hyperplastic 
glands. While in general the iodin contents of colloid glands per gram 
are less than those of normal glands per gram, this is not necessarily 
true. The three glands in which iodin was administred show a marked 
increase in the thyroid iodin, though, as will be seen, it is not as great 
as that which occurs in the active hyperplasias, thus agreeing with the 
normal glands in this respect. In two of the cases, A-104 and A-106, 
secondary (i. e., glands undergoing active hyperplasia for the second 
time) compensatory hyperplasia occurred, but only after the iodin 
had been greatly reduced. This also is in harmony with what nor- 


1. Marine and Lenhart: Further observations on the relation of iodin to the 
structure of the thyroid gland in the sheep, dog, hog and ox. THE ARCHIVES INT. 
Mep., 1909, iii, 66. 

2. Horsley: Brit. Med. Jour., 1892, i, 215. 
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mally occurs in the spontaneous secondary hyperplasias. In the case of 


) 


colloid glands, just as was shown for normal glands, the amount o 
gland removed does not seem to be so important as is the iodin content 
in starting the hyperplasia and, also just as in the normal glands, there 
is a level below which iodin will not protect against secondary hyper- 
plasia. All the evidence taken together indicates that colloid glands 
behave exactly as normal glands when subjected to the same experi- 
ments, or, in other words, that colloid glands parallel normal glands. 

Hyperplasias.—Discussing the six cases in which no iodin was di- 
rectly administered, it will be seen that they represent degrees of hyper- 
plasia from early to moderate. They all show an increase of iodin in 
the successive portions removed. This is in sharp contrast with the 
normal and colloid glands, which under the same conditions of food and 
experiment did not show increases of iodin. Associated with this slight 
gradual increase in iodin, there is a slow return toward colloid gland: 
This slow return toward the colloid condition should be contrasted with 
the rapid return to the colloid condition in those cases given iodin di- 
rectly. 

Taking up the cases of hyperplasia in which iodin was administered, 
there were eleven, ranging from normal early to marked glandular hv- 
perplasia. In all these cases very marked and very rapid increases in 
the iodin contents are shown. Taking the whole series, the general im- 
pression is that iodin is stored more rapidly in the cases with marked 
hyperplasia. This is very evident when colloids or normals are 
contrasted with the hyperplasias. The form of administration of iodin 
appears to be of less importance than the degree of hyperplasia in de- 
termining the rapidity with which iodin is taken up by the thyroid. 
The amount of iodin taken up obviously must depend on the quantity 
administered, the degree of hyperplasia and the extent of the epithelial 
surface. The rapidity of the involution (reversion) process in subjects 
given iodin may be judged from A-119 in which noticeable histologi: 
(lifferences were present in five days. This is about the average time 
required, though we have seen it in three days. The average time re- 
quired to induce complete involution (reversion) may also be ascertained 
from this case, in which in 26 days the entire series of changes from 
marked glandular hyperplasia back to pure colloid gland occurred. Hov 
much this may be modified by different methods of administration and 
different preparations of iodin is yet to be ascertained. Our data indicat: 
that these will be found to be of minor general pharmacologic impor- 
tance, though probably of great therapeutic importance. Desiccated 
thyroid prepa» ‘ions appear to have no advantage over the inorganic 
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operation 
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Dog died suddenly night of April 8, 
and autopsy showed the pulmonary 
artery plugged with an embolu 
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IODIN IN THYROIDS 
TABLE 1.—EXPERIMENTS 
<8 
= “4 
— Part S=E! Color Consist- | Visible Histologic 
ta Removed, %= 2 . ency. Colloid, Diagnosis. 
3 ses 
F. |7 mos 6.5 13.3. ’°08.. R. lobe 6.5 Grayish, Soft None.. Marked gland. 
opaque. hyperplasia. 
F. |7 mos 6.0 17,3, 08.. R. lobe 11.6 (Grayish, Soft Visible... Colloid mod. 
opaque. marked gland. 
. : hyperplasia. 
F. |7 mos 5.5 21, 3,°08.. R. lobe 27.6 |Yellowish Firm.. Visible... |\Colloid mod. 
opaque. marked gland. 
aepergzasen. 
F. |7 mos 5.5 24, 3,08. L. lobe 43.5 |Yellowish, Firm.. Visible... 'Colloid early 
| opaque. gland. hyper- 
plasia. 
M. 2 yrs 6.9 |21, 3, '08.. R. lobe 4.2 Gray-red, (Soft None, ...|Marked gland. 
opaque. ayperpsane. 
M. 2 yrs 6.6 |25, 3,08. L. lobe! |p. 10 Yellowish, |Soft Just visi--Colloid mod. 
R. lobe | . opaque. 1e, marked. 
M. 8 mos 8.4 10, 4,08. L. lobe 9 82 Reddish, (Soft None.. Marked gland. 
_ opaque, hyperplasia. 
M. 8 mos 8.2 15, 4, ,08.. L. lobe 20.5 Yellowish- Soft Just visi--Colloid mod.| 
red, ale. marked gland. 
opaque. 
M. 8 mos 8.0 /22, 4, R. lobe 1.5 (Yellowish, Moderate.. Visible... \Colloid mod. 
_ opaque. : gland. 
M. & mos 10.0 28, 4, 08.. R. lobe 7.2 | Yellowish, |Firm.. Normal..|Colloid early 
transl ; gland. 
M. 9 mos 10.5 6,5, °08... R. lobe 6.5 | Yellow, :, Firm.. Normal... |Colloid 
transl. 
M. 10 mos. 11.9 15, 6,'08.. Remaind’r| 1.3 | Yellow, Firm.. Normal... |\Colloid 
of lobes. transl. 


salts of iodin, or over pure iodin, in inducing 


If anything, the pure iodin is taken up more 


these histologic changes. 


rapidly. 


Going back to 





the cases in which iodin was not administered, it will be seen that in 
sharp contrast with A-119, in which complete involution (reversion) 
occurred in twenty-six days, A-121 did not reach complete involution 


(reversion) for sixty-six days. 


FORMS, MODE OF ADMINISTRATION AND AMOUNTS OF IODIN ADMINISTERED 


We have employed iodoform, fresh sheep’s thyroids, desiccated sheep’s 
thvroid, pure iodin. ferrous iodid, all of which forms are followed by 
the storage of iodin in the glands, whether normals, colloids or hyper- 
plasias. The resulting histologic effect in all is the same, viz.: the 
return to the colloid or quiescent condition. 

As to the mode of administration: It is taken up by the thyroid 
when “painted” on the skin, given by mouth or injected hypodermically. 
On this point, however, we do not possess sufficient data to differentiate 
specifically between the several modes of administration other than that 


pure iodin apparently is taken up most rapidly. 
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Wuicu Iopin Was Given—Continued 


= Amount, Form and Complicating 
es. Duration of lodid Factors During Remark 
= & Ss Administration Experia ent. 
-- 





6.015 0.003 No iodin administered None Rhachitic, anemic and somewhat 
prior to tirst opera emaciated, with forcible action 
tion and pulse 160; eyes weeping and 

tools soft 


1.000 | 0.188 120 gtt. syr. ferr. iodid Slight wound in 
in 4 days since first fection 
operation 


2 153 0.477 120 gtt. syr. ferr. iodid Slight wound 
in 4 days since 2d fectior 
operation 
2.691 0.693 80 ett. syr. ferr. iodid Fatalhemorrhage. Hemorrhage due to infected ligatore 
in 3 days sloughing off a large vein; thymus 
atrophic; spleen and lymph gland 


enlarged 
0 065 0.014 No iedin given prior None 
to Ist operation 
2 384 0.540 120 gtt. syr. ferr. iodid Over anesthetized. Ineffectual efforts at resuscitation 
given in 4 days since 
Ist operation 


0.200 | 0.040 No iodin given prior None.. \nemic, but fat deposits normal 
to Ist operation 
2 861 0.553 (120 gtt. syr. ferr. iodid None. 


in 5 days since first 
operation 
4.078 0.860 300 gtt. syr. ferr. iodid None 


in 7 dys. since 2d ope 
3 353 0.749 No iodin given since None.. Dog gaining weight rapidly 
last operation 
3.522 0.894 No iodin given. None 
2.770 0.554 No iodin given Killed by negli- An attempt was made June 1, but no 


gent anesthetist thyroid found in a hasty exam 
Dog killed June 15 by negligence 
after operation was completed 


] 


Coming to the amounts of iodin administered, one of the most strik- 
ing things brought out is that of the minute amounts (minute in con 


trast with what we had generally seen recommended in the treatment of 


goiter) necessary to induce thyroid changes. It appears that the mor 
marked the hyperplasia the greater is the amount of iodin taken up, 
since in normal dogs one can give very large amounts of iodin without 


inducing any systemic effect or raising the iodin content of the glands 


any more than much smaller doses do in actively hyperplastic glands 
It may be well to refer to the systemic effects produced by iodin as we 
have seen them. 

In the first place, reference to Tables 1 and 2 will show that in nor- 
mal or colloid glands there is either little change in body weight o: 
there is about the same change whether iodin was administered or not 
This is not true of the subjects with hyperplasia. All such subjects when 
fed iodin lost weight rapidly for a time (one to two weeks), then started 
Lo gain, while in those not fed iodin a loss of weight was not observed 
We have made some spec ifie experiments regarding the loss of weight. 


Thus we took three markedly voitrous pups of the same litte se aged SIX 
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TABLE 2 


EXPERIMENTS 


=~ Part es Consis 
= . oes = 3 ( ; 
15 07../R be 0.15 Reddish, Firn 
trans 
. 4, °O7 L I 15 Reddist Firn 
trar 
Os I obe 0.195 Reddish, Firm 
transl 
1, 6, 08 One-half of r 100 Reddish Firm 
obe transl 
7, 12, 08... All of r. lobe 0.600 Gray, red... Moderate 
17, 4, '07.. L. lobe 14.25 Yellowish, Firm 
tran 
22, 5, 07.. R. lobe 14.00 Yellowish, Firm 
transl 
11, 5, 07.. L. lobe 5.1 |Yellowish, Firn 
transl. 
6, 6, 07 R. lobe $4 ‘Yellowish, Firm 
transl. 
10, 9, °07../R. lobe 1.7 Yellowish, Firm 
l. lobe 1.45 transl 
4,1, 08... Part of | lobe. 2.25 Reddish, Firm 
transl 
7, 1,08 Remains of |. 0.230 Reddish, Firm 
lobe transl 
», 6, 07 R. lobe 295 Clear, Firm 
brownish 
yellow. 
15, 7, 07.. '4 1. lobe. 15.0 (Clear, Firm 
brownis! 
yellow. 
10, 9, 07..\',o0fremaining 3.0 |Reddish, Moderate. 
part of 1. lobe yellow. 
7, 12,07... Remains of 1. 4.5 Reddish, Soft 
obe. opaque. 
7. 5. “OS. Part of l. lobe. 2.2 | Yellow, Firm 
trans! 
21, 5, '08..| Part of |. lobe. 2.5 Yellow Firm 
transl. 
1, 6, "08 Part of l. lobe. 1.0 Yellow, Firm 
transl. 
12, 6, '08.. Part of lL. lobe. 1.8 Yellow, Firn 
transl. 
17, 6, '08.. Entire r. lobe. 10.5 Yellow, Firm 
transl. 
17, 4, 07. L. lobe 2.25 Reddish, (Moderate. 
opaque. 
5. 6. 07 R. lobe 23 Reddish, Firm 
transl 
11, 5, ‘07.. L. lobe 15 Reddish, Firm 
transl. 
25, 5, “O7.. R. lobe 1.0 |Reddish, Firm 
transl. 
15, 1,08. L. lobe and 4.15 Reddish, Moderate. 
of r. lobe. transl. 
3 8.. Partofr.lobe., 7? Reddish Firm 
transl 
12, ‘08. All of r. lobe 0.250 Reddish. Moderate. 
opaque. 
25, 4, 07..|L. lobe 3.6 teddish, (Moderate 
opaque. 
1, ¢ i R. lobe 28 Reddish Moderate. 
opaque 
2, 6, 08...) L. lobe 13.0 Reduish, Moderate 
5 6 r. lobe 12.8 transl. 
29, 6,08..|Remains of r. 3.3 (Reddish Moderate. 


lobe. 


brown, 


IN WHICH 


None 
Normal 
Normal 
Normal 
Normal 
Normal. 
Visible 
Visible... 


Normal. 


Normal 


Reduced. 
Just visi 
ble. 
Normal. 
Normal. 
Normal. 
Normal. 


Normal. 


Reduced 
Normal. 
Normal. 
Normal. 
Reduced 
Normal. 


Visible.. 


Reduced 
Reduced 
Visible. 
Visible.. 
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? Co ! 0.554 66 IN 
2 Colloid, mod. gland 554. 0.099 |None 
Fy hyperplasia 
} e Colloid, mod. gland, 0115, 0.022 [Probably myx Bitch died 1 1 os 1 months after 
| hyperplasia edema ist operation \ ry thyroid 
| = present 
| | 
( loid 1.520 0.370 |Non On admission neck brown fron iodin 
oid 1.350 0.384 |None 
Colloid 1.621 0.487 |None 
Colloid 1.262 0.350 |None 
> ( oid, gland 1.61 0.361 None Killed June 17 by another dog eck ter 
i bly torn and thyr i t hanging 
3 from wound,* 
la Early gland. hy 0.300 0.051 |None 
Mi perplasia 
| ollow 6 0.451 |None kK i with chloroform 6, ¢ 
/ 3 Early gland. hyper 65 122 |None 
plasia 
; Early gland, hype 1.024 215 |HgCle pe ning |Died May 25 of acute HeCle poisoning 
3 pilasia 
4 Early mod. gland 2 0.078 |Pregnant 
. hype 4 i 
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piasia I eden ifter la operatior 
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TABLE 2.—EXPERIMENTS IN WHICH 





Ne we | 3 | tee | Removed. Color. | “eacy. | Colloid. 
i] ig we 
\-12la M. Middle 7.3 22, 4,°08../Partofr.lobe| 4.6 Reddish Moderate.. Visible.... 
A-121b M. Middle 28, 4, 08..| Part of r. lobe.) 7.6 Reddish” Moderate.. Visible.. 
A-12k M. Middle 9, 5, 06...) Part of r. lobe.) 6.4 Reddish. Moderate... Visible.. 
\-121d M. Middle 21, 5, '08..| Part of |. lobe.) 3.6 Reddich Moderate.. Normal. 
A.12le M. Middle. .| 8.7 |2, 6, °08.../ Part of 1. lobe.| 1.2 Reddish Moderate... Normal. 
A-121f M. | Middle. | 12, 6, '08.. Part of 1. lobe.) 4.85 Reddish. Moderate. |Normal. 
A-I21g...| M. Middle 27, 6,'08.. Part of 1. lobe.| 4.2 |Reddish, | Moderate. {Normal. 
\-12th. M. Middle 10, 7, 08.. Part of |. lobe. 2.0 Reddiah Moderate. \Normal 
A-121i M. Middle. |10 9 /|13, 9, 08.. Part of |. lobe. 0.5 Reddiah Moderate. .|Reduced 
A-121j M. Middle ./12.1 /1,1,°08... Part of |. lobe.) 0.8 Reddian Moderate. INormal. . 
transl. 

\-121k M. Middle .12.0 (22, 12,°08. Part of |. lobe. 0.355 Gray, red, Moderate. Reduced . 


transl. 


weeks ; one was fed pure iodin by mouth, one ferrous iodid by mouth, 
and the other was kept as a control. We also took three pups raised in 
the laboratory with histologically normal glands and fed the same 
amount and kinds of iodin to them. In the goitrous pups the loss ol 
weight was very rapid (one-twelfth of body weight in five days) in those 
fed iodin, and one-fortieth in the pup used as a control. On the other 
hand, the normal pups continued to gain in weight, whether fed iodin 
cr not. 

This brings up a very important, though well-known, observation, 
namely, that iodin administered to dogs with hyperplastic thyroids has 
a physiological action like the desiccated thyroid; i. e., it rapidly reduces 
the body weight, while iodin administered to normal dogs does not. With- 
out further data than our anatomic observations we advance the follow- 
ing possible explanation for this phenomenon, which has long been 
known to students of human goiter: In the hyperplastic glands their 
ability to take up iodin is greatly increased, owing to the greatly in- 
creased blood supply and the increased epithelial surfaces of the gland, 
and the excretory apparatus (whether through the venous or lymph chan- 
nels) is also greatly increased so that the ability of the gland to give off 
the iodized protein substance is increased to practically the same extent as 
is the ability to take iodin from the blood, and until this excretion can 
be lessened the organism is receiving, in effect, excessive doses of the 


physiologically active substance. As will be recalled from the anatomic 
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either desiccated thyroid or of iodin, as these substances usually have 
been administered in such cases. Thus iodin has a powerful drug ac- 
tion, this action varying with the dosage and with the degree of active 
hyperplasia of the thyroid and in its administration in all cases of 
goiter, whether in man or animals, two points should always be borne 


in the mind, viz.: (1) Small doses of iodin accomplish better thyroid 
effects than larger doses, whether the gland is normal, colloid or hyper- 
plastic; (2) and, while in normal or colloid glands large doses of iodin 
(not in the form of desiccated thyroid) usually have no untoward thy- 
roid effects, in the case of actively hyperplastic glands the dose must 
always be inverse to the degree of thyroid hyperplasia. 

To sum up, then, we have observed: 

1. The tendency of all active hyperplasias is to revert spontaneously 
to colloid glands, and this change is hastened or delayed by the presence 
or absence of iodin. The amount of iodin given is of little consequence 
in normal and colloid glands, but of the greatest significance in the 
active hyperplasias. 

2. The ability of the glands to take up iodin does not depend so 
much on the form, mode or amount of its administration as it does on 
the degree of active thyroid hyperplasia. 

3. There is a minimum amount of thyroid tissue below which iodin 
does not protect against compensatory hyperplasia. This limit is roughly 
the same whether colloid or normal gland. 

It is probable that desiccated thyroid would further inhibit the hyper- 
plasia, though we have no experiments on this point. Such a find- 
ing would add to the general belief that there are other activities of the 
thyroid than that associated with the elaboration of the iodized protein. 


EXPERIMENTAL CONGENITAL HYPERPLASIA OF THE THYROID IN DOGS 


So far as is known to us, Halsted*® was the first to produce and to 
recognize the experimental production of congenital thyroid hyperplasia 
in dogs. His observations were made in 1888-9 and included three lit- 
ters of goitrous pups from three different bitches. All these bitches 
had had part of their thyroids removed (from one to one and a third 
lobes) prior to impregnation. The thyroids were, in two litters, twenty 
times and, in the other, about twelve times larger than normal pups’ 
thyroids. These pups’ thyroids showed no differentiation into colloid 
containing alveoli, as is the case in normal glands, but in general the 
alveoli were small, undistended tubular structures, lined with cubical 





6. Johns Hopkins Hosp. Rep., 1896, i, 399. 
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[The whole structure 1 : it a 
roid glaz 
Following this, Edmunds‘ was a » get as a s 1 Ol 

experiment. Thus far we have seen no re S ittem pt roduc 

tters of norma ps \ ( ( el t 
goitrous ones, or vice rs s on this S the s ect t 
wish to record our observations 

Dog A-17.—A female dachshund admitted Jan. 20, 1907, weight 5.4 kg. Ex 


cellent condition. Thyroid lobes not palpable 


Jan. 22, 1907: Under ether anesthesia the right lobe was removed, weighing 


0.7 gm. Excellent recovery. Gross description of the gland removed Firm, yel 
lowish translucent, colloid visible Normal vascularity. 

Histologic Diaqnosis Normal-early glandular hyperplasia Iodin determina 
tion not made. (Specimen lost by accident 

Jan. 26, 1907: Wound healed 

January 26 to February 7 inclusive 200 mg. of iodin were given in the food 

February 22, five pups were born, one still-born. The subsequent histories of 


these five pups are tabulated in Table 3. 


TABLE 3.—Pups or Dog A-17. 








~ - m 
= = = t gic lod R 
ey = - i Diagnosi Content ee 
g£| ge |g| & ! 
A-lia.. 212 0 Normal fetal Still-born 
thyroid 
4-178. 210 F. (3 days. 25, 2,'07.. Bothlobes, Normal fetal Trace Died 7; up 
thyroid able e. 
A-li+. 290 9 days. 3, 3,07 Left lobe.. Normal fetal Trace Died 
thyroid 
\-176. 290 F. |9 days. |3, 3, ‘07 Right lobe. Normal fetal Died 9 3, ‘O07; 
thyroid wound infection 
A-l7e¢ M. 26days. Autopsy. Both lobes. Norma Died 20, 3, ‘07; ker 
’ osene poisoning. 


March 15: The mother had scabies; had lost some weight. Dog was chloro- 
formed to death. Weight at death 5 kg. Left lobe of thyroid was removed at 
autopsy; weight, 0.65 gm 

Gross Description of Left Lobe.—Yellowish, translucent Abundant colloid. 
Capsule and vessels normal. 

Histologic Diagnosis.—Pure colloid gland (goiter 

lodin per gm., dry 1.615 meg lodin per gm., fresh = 1.093 mg 

Dog A-104.—Mongrel fox terrier admitted May 16, 1907 Pregnant. Weight, 
7.71 kg. Good condition. The thyroid lobes were not palpable. 

May 17: Five pups born 

May 21: Four pups alive and in good condition 

August 27: All pups in good condition. 

The subsequent histories of these pups are tabulated below 

September 7: Bitch impregnated by non roiterous tox terrier 

September 10: Under ether anesthesia the entire right lobe, weighing 1.7 gm., 
nd approximately two-thirds of left lobe, weighing 1.45 gm., were removed 





7. Lancet, London, 1901, i, 1451 
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(iross Description of Gland Removed.—Yellow, translucent. Consistency firm. 
Vascularity normal. Capsule thin and delicate. Colloid abundant. 
Histologic Diaqnosis.—Pure colloid gland (goiter). 


lodin per gm., dry = 2.739 mg. lIodin per gm., fresh = 0.510 mg. 

September 16: Dressings removed. Wound healed; had had no evidence of 
tetany 

October 21: Bitch pregnant. 


TABLE 4.—Purs or Doe A-104, First Litrer. 


Day, ve Portion and 
No. of Month, = Weight of Histologic . 
Puppy Year of Age J = a Thyroid Diagnosis Remarks. 
Operation. 2 lew Removed. 
zs is 
Pup 1 (T-15). 27, 8, "07. 102 days. F. 16Left and ', of Normal Ether anesthesia 
right lobe. 
Pup 1(T-15). 4, 1, ‘08. 232 days. F. 3.2 Remainder of rt. Early gland. Ether anes.; died 
lobe, 0.150 gm. hyperplasia 7, 1, ‘OS; tetany. 
Pup 2 (T-24). 6, 9, 07. 112 days) M. 2.8 Lt. lobe.0.350 gm. Normal.. Ether anesthesia 
rt.lobe, 0.050 
Pup 2(T-24). 4, 1, ‘08. 232 days. M. 6.4 Part of rt.lobe, Early gland. Ether anesthesia 
0.275 gm. hyperplasia 
Pup 2 ( T-24).|20, 12, ‘08. 279 days. M. 7.0/Remainderofrt. Mod. gland.) Distemper — chlo- 
Autopsy). lobe, 0.150. hyperplasia roformed., 
Pup 3 (T-25). 6, 9, ‘07. 112 days. F. | 1.8 Left lobe, 0.350. Normal.. Ether anesthesia 
Pup 3(T-25). 30, 10, °07. 139 days. F. | 2.6 Right lobe.0.355. Mod. gland.|Killed by another 
\utopsy. hyperplasia dog. 
Pup 4(T-51). 17, 10, 07 153 days.| M.| 2.3 Left lobe, 0.700.. Normal. Killed by another 
Autopsy. dog. (Kept as 


control.) 


November 9: Whelped four pups, the subsequent histories of which are tabu- 
lated in Table 5. 

December 22: Bitch in excellent condition. 

January 4, 1908: Under ether anesthesia a part of the remaining portion of 
the left lobe, weighing 2.25 gm., was removed, leaving a piece of thyroid tissue 


about the size of a small pea. The parathyroid was not seen. 


TABLE 5.—Pups or Dog A-104, Seconp LITTER. 


Day s Portion and 
No. of Month, = . Weight of Histologic — 
Puppy. Year of Age. re i FI Thyroid Dinanesie. Remarks. 
Operation. # PG Removed. 
|= 
Pup 1(T-73). 4. 11, ‘07.5 days F. 320.0 |Both lobes, Early gland. Chloroformed 
\utopsy. 0.1065 gm. hyperplasia. (Control. 
Pup 2(T-9). 7, 12, ‘O07 /28 days F. 960.0 (Both lobes, Early gland. Killed by another 
Autopsy.) 0.400. hyperplasia.) dog. 
Pup 3(T-97). 7, 12. ‘07.28 days.. F. 910.0 |Both lobes, Early gland.|Killed by another 
Autopsy 0.305. hyperplasia., dog. 
Pup 4(T-2).. 24, 12. ‘07./45 days.. F. 1.110 Both lobes, Mod. gland. Killed by another 
Autopsy 0.450 byperplasia., dog. 


Gross De scription of Gland Removed. Quite firm and vascular and showed 


considerable regeneration of the thyroid beyond the old suture line. Color red- 


translucent. Colloid visible. 
Histologic Diagnosis.—Colloid-early glandular hyperplasia. No iodin deter- 


mination 
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Jan. 7, 1908: Dog died during tl 
of salivation Gastric dik 
thyroid weighed 0.230 gm. and on histologic examination the ligature was 


night of tetany Autopsy showed evidence 


itation Other tissues normal Remaining piece of 


to have included and caused necrosis of what was probably the only remaining 


irathyroid. 

Dog A-112 Female mongrel, admitted Jan. 11], 1908 Weight, 5.3 kg 
Nutrition good. Thyroid lobes not enlarged. 

January 12: Impregnated by a healthy fox terrier 

January 15: Under ether anesthesia the whole left and approximately tw: 
thirds of the right lobe were removed The total gland removed weighed 4 
ems, Good recovery. 

Gross De script on of Gland Removed. Dark red in color Moderate consist 


ency Colloid barely visible. Lobes appear somewhat enlarged. Moderately vas 


Histologic Diagnosis Moderate glandular hyperplasia. 


lodin per gm., dried 0.332 lodin per gm., fresh 0.078 

January 18: Jaws slightly swollen; otherwise condition good 

January 20: Swelling of jaws had disappeared Appetite good 

January 22: Bandage and stitches removed Wound healed The dog re 


‘ived no iodin except what might have been obtained from the food. 


March 15: Two pups were born, one still-born; mother in good condition 


The histories of these pups are tabulated in Table 6 


TABLE 6.—Pups or Dog A-112, First LITTER 


Day - Portion and 
No. of Month i =. Weight of Histologic enele 
Puppy Year of ge. of -5 Thyroid Diagoosi — 
Operatior c* so Removed 
Pup 1.. 1b, 3, “8.0 ) 280.0 Fetal type of Still-bor: 
\utopsy hyperplasia 
Pup 2 7, 5, ‘O08 52 days M. 1.35 Left lobe.0.195. Colloid Fed iodin; ether 
anesthesia 
Pup 2 1, 6. ‘OS i7 days M of right lobe, Colloid Fed iodin; ether 
0 100 anesthesia 
Pup 2 7, 12, '08 267 days.) M 1 Remainder of Colloid mark- 11,3, 09, no tetany 
rt. lobe. 0.64 ei gland. hy no myxedema 
perplasia normal 


March 25: Under ether anesthesia approximately one-half of the remaining 
portion of the right lobe was removed. Recovery from operation good Piece re 
moved had a normal gross appearance 

Histologic Diagnosis Pure colloid gland (goiter). No iodin determination 

March 26, 9 a. m.: Dog in violent tetany Respiration 180-200 per minute 
Mouth gaping Pulse could not be counted. Tongue protruding and of a very 


bright red color Profuse salivation. Dog lay on its side All museles ten 
with intermittent general tetanic seizures Was given 5 ec.c. of a 5 per cent 
ealecium chlorid solution in one-half pint of milk by a stomach-tub« At 4p.on 


dog was able to walk, though very weak 

March 27: Repeated the dose of calcium chlorid with milk Dog still had 
slight muscular twitchings. Respiration 32 Pulse 130 

April 1: Calcium chlorid stopped. Apparent recovery from tetany. Bandage 
removed, together with stitches. Wound healed. 
Anril 6 No evidence of tetany, though five days have elapsed since calcium 


chlorid was stopped. 
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July 3: Dog and pup in good condition. No evidence of scabies, but a prophy- 
lactic application of sulphur ointment was given. 

Hey tember 1: Dog in excellent condition, 

October 1: Sulphur ointment again applied. 

October 15: Dog pregnant. 

October 29: Gave birth to five pups. 

October 30: One pup, weight 115 gm., chloroformed to death. Thyroid lobes 
\istologically normal, 


November 2 One pup, weight 260 gm., chloroformed to death. Thyroid lobes 


histologically normal. 


November 3: Mother in violent tetany, given 50 c.c. of a 5 per cent. solution 
of calcium chlorid with relief in two hours. 

November 19: No tetanic symptoms since November 3. 5 c.c. of caleiu:n 
chlorid solution had been given daily. 

December 3: Mother and three pups normal. Had weaned the pups. 

Summarizing these cases, we find that A-17 gave birth to normal 
pups after one lobe had been removed and iodin administered. The 
remaining lobe returned to the colloid state, while the first lobe removed 
was histologically a normal-early glandular hyperplasia. 

In A-104 a litter of normal pups was born shortly after admission; 
then after nearly four months the dog was again impregnated and one 
and two-thirds thyroid lobes removed, which histologically were pure 
colloid glands. In the second litter, the pups’ thyroids were slightly 
enlarged and histologically were in a state of early glandular hyper- 
plasia. The remaining portion of the mother’s thyroid had also under- 
gone hyperplasia. 

In A-112, immediately after impregnation, one and two-thirds lobes 
were removed, which histologically were in the state of moderate glandu- 
lar hyperplasia. Of the two pups born, one died at birth and its thy- 
roid was slightly enlarged and histologically showed only cylinders of 
columnar cells, with no evidence of colloid (fetal type of hyperplasia 
likened by Halsted to parathyroid tissue). The mother and pup were 
given iodin. The pup was reared. The second litter of pups from this 
bitch (A-112) was normal. 

These cases, in so far as they show a repetition of Halsted’s results, 
are positive, but they are only suggestive of the inhibiting effect of iodin. 
They do not eliminate the possibility and, indeed, the probability of 
other factors than iodin as determining the fetal thyroid reaction. We 
believe that iodin is the greatest single factor, but that the general food 
and the general hygienic surroundings are also of great importance, 
since all the cases of congenital goiter examined show general nutri- 
tional disturbances, as anemia, bone changes, etc. Such cases in human 
pathology have usually been included under “fetal rickets.” This fetal 
thyroid hyperplasia, so far as our observations have extended, seems to 
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Animals with colloid glands are, as a rule, 


adults (unless treated) and present no symptoms referable to the thy- 


if } 
, 1 
, 10r this reason, on 


roid, save that the glands are usually enlarged, an 


may observe mechanical (pressure) effects, although in quadrupeds this 


] 


is extremely rare. All animals (sheep and dogs) whose glands wert 
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ure collold Were Clinically in excelent neaiti, 


din, by food or otherwise), as well as the natural occurring ones. 


oid glands experimentally produced (by the direct administration of 


3. Hyperplasias—The great majority of all animals (sheep, dogs, 


eats. horses, hogs and cattle) whose glands were histologically in the 


state of active hyperplasia showed no symptoms which would distin 


uish them from normal animals by the ordinary methods of examina 
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cent. of the dogs and 50 per cent. of the sheep and cattle of this locality 
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tion. This statement is of importance when one recalls that 90 pet 


show hyperplastic changes of a greater or lesser degree. On the other 


hand, there is a degree of hyperplasia which, when present, is always 


accompanied by clinical manifestations. Thes clinical manifestations 


are of different degrees, reaching their highest in the true cretins whicl 


i 


lie shortly after birth, thence shading off gradually to the limit of d 


tectability. We have used the term “cretinoid” in order to include the 
several degrees of severity of the symptoms. 

All these animals are young (calves, lambs or puppies). In the 
worst forms the animals die immediat after birt] Such subjects 
show poorly developed, hairy coats (thin, coarse), a high degree of ane- 
mia and deficient calcification of the bones, but with no reduction in th 
subcutaneous fattv tissue. These animals, as a rule, have much-en 
larged thvroids of the glandular-vascular tvpe with promient ]vmph 
elands. thymus and spleen. In dogs, the most common types at the 
aboratorv have been tl less severely affected subjects—t se whi 
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would eventually recover spontaneously. Farmers in Michigan have 


told us that lambs usually recover if able to suckle. We have found the 


same to be true of dogs. In these milder cases one notes the following 
characteristics: The hair is dry, coarse and partially furred. The 
palpebral fissure is narrow. The eves are weeping and dull. The heart 
is hypertrophied. The rate is rapid and the beat forcible. On slight 
exertion, back pulsation in the neck veins occurs and the thyroid lobes 
become acutely swollen with blood. This may produce synecopal attacks 
in which the animal may die. The epiphyses of the bones are enlarged. 
The mucous membranes are very pale, almost blanched. So far as we have 
observed, the appetite is good and the general body bulk is quite o 

above the average weight. The gait is slow, unsteady, awkward, and 
mentally they are extremely dull. We have never observed true ex 

ophthalmos, although we have imagined in some cases that the eves 
were slightly more prominent than in normal pups. ‘These two types 
illustrate the severest and the moderate degrees. The milder forms 


down to clinically normal dogs show tl 


e same kind of manifestations, 
the difference being of degree. Excellent and much fuller descriptions 
of the phenomena in lambs and calves may be obtained from reports by 
Davis,* Seligmann® and Campbell.’° 


8. Davis: Vet. Jour. and Ann. Comp. Path., 1898, xlvii, 25. 
9. Seligmann: rr. Path Soe. Lond., 1903-4, lv, 1 


10. Campbell: Tr, Med. and Phys. Soc., Caleutta, 1833-4, vii, 1 
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OBSERVATIONS ON A CHILD WITH A GASTRIC FISTULA IN 
RELATION TO RECENT ADVANCES IN THE 
PHYSIOLOGY OF GASTRIC DIGESTION 


R. S. LAVENSON, M.D 
PHILADELPHIA 


| ere cn ‘ Oo ! eine I \ ( n ectly : eel ‘ - 
plaved in recent vears than In the phvs g digestion. Process 
at ad previous een ¢ ns ert the nos ein T ive PX 
] , 
shown to be complex and intricat Bo secretol ind mot functions 
. 
t the digestive organs have been demonstrated to be remarka Vy sele 
, ' 
tive and purposive ind to be s ject » Int ( ns we Yi mn our 


‘tions. Many of the newer discoveries have been the result 
yf the activitv of Pawlow and his followers, and of the methods devis 


them, which permit a much more accurate determination of the fun 


tions of the digestive organs than had previously been possible. Most 
he facts that have been determined have been the result of animal « 
perimentation; though some observations have been made on suitabk 
uman subjects, they have not as yet been so numerous as to make further 
contributions to the subject undesirable. With this in mind, I mad 
search for an appropriate subject on whom to conduct observations. 

As the majority of patients on whom gastrostomy is performed suff 
from malignant growths, which would be likely. through either the 
] ? ] +34 ] ; ; 
local or their constitutional effects, to cause gross abnormalities of tl 
gastric functions, such patients would obviously be unsuitable for the 
observations that I desired to conduct I succeeded in finding a suitable 
subject in the person of a girl, 14 vears of age, on whom a gastrostom 
iad been performed for a complete benign cicatricial stenosis of th 


esophagus. This procedure was carried out eleven vears ago by Dr. John 


I 
H. Jopson, to whom I wish to express my obligation for bringing the 


patient to my notice. The esophageal obstruction, which resulted from 
, 


the drinking of lve, is situated at about the level of the bifurcation o 


the trachea. The patient, living in one of the rural districts of Pennsv] 


vania, has grown into vigorous adolescence, feeding herself by means of a 


small stomach-tube, one end of which is inserted into the gastric fistula 


The other end is tied with a string about the neck, so that no portion of 
the tube is seen except when the patient eats. During meals she pat 
takes only of liquid and semisolid foods, masticating and swallowing i 
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the usual way until about three ounces have been taken. She then places 
the upper end of the tube in her mouth and, with a slight voluntary 
effort at regurgitation, forces the food from the pharynx and esophagus 
into the mouth and down through the tube into the stomach. This proc- 
ess is repeated until the meal is completed. The patient apparently 
enjoys her meals, and possesses the usual childish fondness for sweets and 
other dainties. At my request, she was brought to the University Hos- 
pital, where I conducted the observations to be subsequently described. 

As is almost too well known to warrant repetition, it was the re- 
markable work of Pawlow’ that has established, in great part, our pres- 
ent conceptions of the physiology of digestion. For the proper compre- 
hension of certain terms and references to be used in this paper it will 
be well to describe briefly two of the procedures instituted by Pawlow. 
One of these consisted in performing a gastrostomy on a dog and subse- 
quently sectioning the esophagus in the neck; the gastrostomy wound 
was so treated as to form a permanent fistula; the lower end of the sec- 
tioned esophagus was closed and tucked in the wound, while the edges 
of the upper end, that communicating with the pharynx, were stitched to 
the skin so as to form a permanent esophageal fistula. By means of this 
combination of operations, communication between the mouth and stom- 
ach is completely destroyed. Though the dog can chew and swallow food, 
it passes out of the esophageal fistula instead of into the stomach. At 
the same time any juice secreted in the stomach can be collected, uncon- 
taminated by food or saliva. Feeding dogs previously operated on in this 
way constitutes a “Scheinfiitterung” or “false feeding.” A second im- 
portant operation devised by Pawlow consists in establishing practically 
two gastric cavities. The smaller of these, which communicates with the 
external surface of the body, is so separated from the larger cavity that 
no substances can pass from the one to the other. Its nerve and blood 
supply are, however, retained so that any influence acting on the main 
stomach calls forth the same response in the smaller one. As the latter 
communicates with the abdominal surface its secretion can be easily col- 
lected. It was by means of this procedure that Pawlow investigated the 
character, rate and amount of the gastric secretion induced by various 
foods. 

Probably the most important fact established by Pawlow was that 
there are two distinct classes of excitants to the flow of gastric juice. 
The first and most important of these consists of the psychic excitants, 
those which by appealing to one of the senses or higher mental faculties 


1. Die Arbeit der Verdauungsdriisen, Wiesbaden, 1898. 
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nt dav the dog was allowed to excite himself by watching the cat fora 


el ( Ma 
eriod of five minutes. After he had become somewhat calmer, a false 
feeding was ministered under the same conditions as in the control 
experiment: al n the same period of time but 9 ¢c.c. of gastric juice 
: VeTE ss ts 
Quite as profound was the effect of excitement in inhibiting a secre- 
| on a i nstituted. The dog was given a false feeding: and in 
i the first five minutes after it 28.5 ec.c. of gastri juice were secreted. The 
vas n shown to the dog again for five minutes; and the secretion 
n the subs ent five minutes fell to 3 ec. 
Bou na series of observations to be subsequently described, on a 
14 vears old, found the same inhibitory effect to result from teas- 
ng the - from inducing pain by means of an electric current. 
It will serve as of historical interest, as well as a mark of recognition 
the powers of observation of a remarkable student of physiology, to 
state that in 1833 Beaumont* observed the same influence in his studies 
on Alexis St. Martin, as shown by the statement, in speaking of the gas- 


¢ juice: “Fear and anger check its secretion.” 

The importance in clinical medicine of these “negative” psychi 
processes or emotions, which may work at cross-purposes to the “‘posi- 
tive” psychic stimuli to gastric juice, can not be overestimated. When 

we realize their significance, the bearing that worry, anger, grief or ex- 


citement may have on the digestive processes becomes at once apparent. 


Literature is not wanting in instances among human subjects of the 
effects of psychic stimuli in inducing gastric secretion. Even long before 
the davs of Pawlow and his experiments, this influence was observed by 
Richet® in a patient with a gastric fistula, and probably even by Beau- 
mont. It is especially as the result of the stimulus given to physiologic 


Pawlow. however, that observations on man have been con- 


research DV 


Cade and Latarjet® had under observation a patient peculiarly adapted 
phvsiologic observations on gastric secretion. She was a woman, 20 


vears of age, who, during childhood, had suffered an accident resulting 
n a hernia of a small portion of the stomach. This hernial sac ruptured 


mtaneouslvy on the abdominal surface, 2 em. above the umbilicus. 


Later, by the growth of inflammatory tissue, the mucous membrane of 


e sma rtion became totally separated from the mucous membrane 
}. Bogen Arch. f. d. ges. Physiol. (Pfliiger’s), 1907, exvii, 150 
4. Beaumont Physiology and Experiments, Edition 2, Burlington, 1847, p. 81 
J het Jour. de Vanat. et de physiol., 1878, P- 326. 
6. Cade and Latarjet Jour. de physiol et de path. gén., 1905, vii, 221. 
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] 


old, an esophagostomy was performed, resulting in a fistula of the upper 


patulous portion of the esophagus. Subsequently a long rubber tube with 
an upper funnel-shaped end was passed down through the pharynx and 
upper portion of the esophagus and brought out of the esophageal fistula. 
The lower end of this tube was connected with a tube entering the gas- 
tric fistula, so that the patient was able to eat as a normal individual 
uld; the food, after mastication, passing through the tube worn un- 
derneath the clothing, instead of through the esophagus. The patient 
thus presented the same conditions as were instituted by Pawlow on 
nimals for false-feeding experiments, and served very well for observa 
tions of this nature. 

In these experiments, the lower end of the tube was withdrawn from 
the stomach; so that the food, after being masticated and swallowed, 


} 


passed into a receptacle, instead of into the stomach. Kaznelson was 


ible to substantiate on her patient practically all the observations of 


Pawlow concerning false feeding. The mastication of foodstuffs pleas- 
ing to the patient consistently produced an abundant flow of gastric 


juice. The latent period was approximately five minutes. The simple 


act of chewing did not call forth gastric juice. Kaznelson found, in 


addition, as did Pawlow on animals, that in man the acidity of the 
gastric juice is approximately constant, but that the amount of secretion 
is subject to great variations. 


d similar positive results in a limited number of observa 


Umber® hi 


tions on false-feeding in his patient with a gastric fistula and malig- 


nant stenosis of the esophagus. He also had an opportunity of observing 


the action of an associated psychic stimulus, when his patient suddenly 
presented a vigorous flow of gastric juice on seeing several pieces of bread 


and butter unintentionally placed near his bed. In his patient, Umber 


found the latent period to be but three minutes. 


Hornborg® had under observation a 4-year-old boy with a gastric 


fistula and almost complete occlusion of the esophagus. on whom he 
conducted experiments similar to those already described. He was un- 
ible t nstrate the efficiency of visual stimuli in producing a gas- 
tric secretion. This circumstance he attributed to negative psychic 


stimuli, such as I have described; for when the child was shown food, 
but was not permitted to eat it, he at once became angry and began to 
. 


cry. There was, however, always a vigorous flow when the child was per- 


food that he liked: although none of it came into contact 


8. Umber: Berl. klin. Wehnschr., 1905, xlii, 56 
%. Hornborg: Skand. Arch. f. Physiol., 1903, xv, 209. 
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From the results of the investigations mentioned, there is no doubt 
that the mastication of food produces a more vigorous se retion than 
would result from the introduction of the same food without the inter- 
vention of the act of chewing. I believe, however, that the observers 
have somewhat misinterpreted their findings. It was found, especially 
by Troller and by Hornborg, in his observations on his little patient with 
the gastric fistula, that the chewing of substances of which the patient 
was fond always produced a greater secretion than did the chewing of 
an indifferent or a tasteless substance, such as rubber or lemon peel. 
This is a very definite indication that there was something else than the 
mere chewing that in part, at least, induced the gastric secretion. This 
something was undoubtedly the agreeable taste of the substances, which 
produced a desire on the part of the patient to complete the act of eating 
them. This desire is nothing more than appetite. In other words, it is 
the psychic stimulus inaugurated through the sense of taste which in- 
duces the flow of gastric juice. In regard to the flow induced by the 
chewing of tasteless substances, it is not improbable that in this case the 
more or less conscious association of the act of chewing with the process 
of which it is commonly a part, eating, results in a psychic stimulus to 
gastric juice. This association may be thought improbable by reason of 
an observation of Cohnheim and Soetbeer.’* who found that the act of 
sucking in new-born pups induced a flow of gastric juice. However, the 
pups on which these observations had been made were born at night; 
and, as they were not taken from their mother until the morning, it is 
probable that, the pups having obtained nourishment by sucking during 
the night. the act of sucking became associated with nourishment and 
thus resulted in a psychic stimulus. Again, it is not improbable that, 
just as sucking is an instinct, so is the association of sucking and nour- 
ishment inherited. 

Having encountered the obstacle that I have described in making 
observations on psychic stimuli with my patient I turned to observations 
e chemical stimuli. In order to obtain an insight into the funce- 
tional activity of the stomach as ordinarily computed, an Ewald test- 
breakfast was administered, the resulting gastric juice showing a total 
acidity of 62: free hvdrochlorie acid. 36. The experiments, lasting in 
all fourteen days, were conducted in the latter part of the afternoons, 
about five hours after the patient had eaten. The stomach was first 
well washed out with water by means of a small stomach-tube with 


numerous perforations. The stomach was then allowed to become per- 


17. Cohnheim and Soetbeer: Ztschr. f. physiol. Chem., 1903, xxxvii, 467. 
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mined. ‘These observations are all in harmony with the results of Paw- 
low’s experiments on the chemical stimulants of gastric secretion in dogs. 

The observations on the effect of the bitter stomachics (tincture of 
nux vomica, tincture ol gentian comp.) were exceptionally interesting. 
Introduced directly into the stomach, they induced no more acid juice 


than would the same amount of water as that which was introduced with 
em. When, howeve 


r, they were given five to ten minutes before a 
chemical stimulus (solution of beef-extract), they regularly caused a 
ter secretion than when the latter was given unpreceded by the 
bitter. Furthermore, a bitter stomachic taken into the mouth caused a 
greater secretion than if it were introduced directly into the stomach. 
The most vigorous response I obtained was in a series of observations 
n which the acidity resulting from a solution of neutralized beef-extract 
as: Total. 33: free hvdrochlorie acid. 23. When preceded by 4 grams 
of tincture of gentian comp., introduced directly into the stomach ten 
minutes before, the secretion rose to, total acidity, 38; free hydrochloric 


} 


acid, 26. When the same quantity of gentian was taken into the mouth 
t in the pharynx and upper pouch-like portion of the esophagus 

or ten minutes preceding the introduction of the beef-extract, the acid 
, | 


rose to, total, 53; free hydrochloric acid, 40. I subsequently attempted 


to have the patient take the bitter into the mouth and then introduce 
t into the stomach to determine whether the combined action was more 
powe than either one individually; but the bitter taste was so objec- 


tionable that I could not persuade her to do so. From these observa- 


tions, though not carried to the conclusion that I would desire, it seems 

evident that bitter stomachics, principally by reason of their action dis- 

plaved in the mouth and pharynx, have a stimulating effect on the secrt 
, 


e. Their action lo ally n the stomach, though not s 


the same conclusion in regard to the 


stimulating effect of bitter stomachics. Borrisow® found that when h 


preceded a false feeding in dogs by the application of a bitter stomachi 
to the mout nd pharynx, over a period of a few minutes, the resulting 
gastric secretion was more than 30 per cent. greater than occurred when 
the false feeding was not preceded by the application of the bitter 


Hoppe,” and also Straschesko,*° found that a bitter tonic, of itself, in- 


duced no secretion; but that when it preceded a false feeding it always 


18. Borrisow Arch. f. exper. Path. u. Pharmakol., 1904, li, 363. 

19. Hoppe Berl. klin. Wehnschr., 1905, xxxiii, 1038 

20. Straschesko: Russk. Vrach, 1905; quoted by Hoppe, Berl. klin. Wehnschr., 
1905, xxxiii, 1038. 
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R. S. LAVENSON 
resulted 1n an increased secretion of gastric jul 
servations On a human subject, Came to the san 

Pawlow, and subsequently several other obs« 
inhibited gastric secretion. It was impossible, 
any reliable observations o the effect « alikal 
of interest, however, to determine their action 

t A solution of 2 grams « ( um bicarb« 
was introduced, and at the e1 ( ten mil S 
sessing neither tree nor total acid w ecovert 
opserval n as on gastrk not e adiseu 

mpeveral other ovpserva ns, ough not Ol 
those already mentioned, are clinica r phys 
est lea, genera empioyed as an element oO 

und to have the same effect in inducing secret 
watel Various commercial preparations of 
t were lound to have no more etiect than thi 
ntroduced with then Finally, a nutrient « 
vhile the stomach was empty, and within th 
$ ministration 12 c. c. of rather vis rast 
possessing a total acidity « > al e hyd 
sin : was obtained by Umble t S 
n addition to the bearing t th eg 
stric secretion, several ¢ ! rmit 
Sol t 1) C ( o ry t Wi 
tent, t ( no! ro esent I I 
S nev nd the control a I l e ¢ 
Cannons expe! ents \ s ! n 
Ss mach the p 3s ¢ ne 
I ns ( nst tf S 1x enil 
( vy the re I contents on t 
eaction on ( S n 1 
side tend to keep t | rus Se It is 
nice thie wi nist — } . «i 
stomach and d enun When food is I 
retained there until a portion is sufficiently a 
ens and lets this portion through into the du 
yf its acid reaction nis dified portion ten 
21. Cannon: Am. Jour. Physiol., 1907, xx, 283. 
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; 

; pylorus until the alkaline pancreatic juice and bile sufficiently change its 
reaction to induce the pylorus to open again. By means of this mechan- 
ism the food is held in the stomach until gastric digestion is sufficiently 
advanced ; and the duodenum is protected from the danger of having an 
overwhelming amount of acid chyme poured into it at one time. This 

mechanism apparently sufficiently explains the operations of the pyloric 
sphincter under normal conditions, and when the reactions on the two 
Ny sides of the pylorus are different; that is, either acid on the duodenal 
in ap 

side and alkaline on the gastric side, or alkaline on the duodenal side 

: and acid on the gastric side. 

It does not, however, give an insight into the relations that are main- 

) tained in those conditions in which the same reaction, either acid or alka- 

HY line, is present on both sides of the pylorus. Under these circum- 

if stances the behavior of the pylorus must depend upon whether the pre- 

dominating influence rests in the stomach or in the duodenum. It is on 

i this phase of the subject that the observations described above throw 
some light. 

It will be noted, on comparing the secretion resulting from the 

i] introduction of the acid solutions and of the alkaline solutions that 
: much larger amounts were returned from the acid than from the alkaline 
: ) solutions. After a period of ten minutes but 9 c.c. were recovered from 

the stomach after the introduction of an alkaline solution; whereas, 66 
it c.c. were recovered after the introduction of an equal amount of an acid 
it solution. These observations were repeated a number of times, with 
. variations of but a few cubic centimeters from the figures given. If the 
] reaction on the gastric side of the pylorus exerted the predominating 


influence, it would be expected that the acid solution would tend to more 
lrequent or more prolonged opening of the pylorus and, consequently, to 
the passage of a proportionately greater amount of fluid into the duode- 
num than occurs after the introduction of the alkaline solution, which 
would, according to the same hypothesis, tend to keep the pylorus closed 
I believe the phenomena that I have observed to be best explained on the 
following hypothesis: 

When an acid solution is in the stomach the phenomena of pyloric 
discharge observe the mechanism described by Cannon. By reason of the 
acidity on the gastric side the pylorus opens and a portion of the acid 
contents is shot into the duodenum. Here, by reason of the same reac- 
tion, it closes the pylorus; though acid may still be present on the gastric 
side. This, then, is an indication of the greater influence of the reac- 


tion on the duodenal side, when the reaction on both sides of the pylorus 


is acid, and the relatively slow discharge of the stomach contents is due 
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simple anacidity or achylia gastrica, without malignancy, are asso- 
th rapid emptying of the stomach and persistent diarrhea only 


to be < ntrolled by correcting the gastric secretory de fir 1ency ; and not 


less frequently are « bserved eases of hyperac idity with delaved emptying 


of the stomach, improving when the hyperacidity is reduced. 

With the hope of observing the motor behavior of the stomach toward 
©. espec! i] VY water, a cystoscope was kindly introduced by Dr. B. A. 

Thomas through the fistulous opening in my patient when the stomach 


was filled with water; but nothing more than the intermittent opening 


OL the pylorus col ld be obse rved. It has re ently peen assé rted bv Cohn- 
heim" and others that when water is swallowed, instead of entering the 


fundus, as solids do, it enters a small gutter formed by a horse-shoe- 
shaped band of muscle along the lesser curvature of the stomach, run- 


ning from the cardia to the pylorus. He maintains that, even when the 


stomach contains food-masses, water does not come into contact wit 


these, but, running through this gutter-like channel, passes immediatel) 


into the duodenum. This view is scarcely in harmony with the observa- 


tions of the stimulating action of water on the flow of gastric juice, and 
no such formation as has been described could be seen in my patient 
means of a cystoscope. It must be granted, however, that in this i 
stance water did not enter at the cardia, as in normal individuals. Cohn- 
heim’s claim is somewhat substantiated by the anatomic investigations « 
Nautr ni * who describes this horseshoe-shaped bundle of muscle run- 
ning from the cardia to the pylorus. 

This leads us to consider for a moment the motor functions of t 

wh and the arrangement of foodstuffs when taken into it. Tho 
(yy } Ss < the cy ot the ¢ I ea { 1 genera! tu 
1 the stomac Is vlews ‘ Ss et. rece t 

reneral r nition. Among the more recent workers to substantiate 
(; itz! s P T] f nvestigat ns ¢ thes two ex 
menters I y feeding animals with foods {ferent con- 
Ssistel I 010 ng em at val us } ; oO fvastri 

ces ! ite eezing coagulating the stoma and s 
contents. A rding to their observations, in the fundus, the portion in 
which active acidification and peptonization occurs, there is a distinct 
lave ingement e fo I eneral, the first fo taken as- 
sumes the out st pos n; that is, next to the mucous membran 

23. Cohnheim: Miinchen. med. Wehnschr., 1907, liv, 2581. 

24. Kaufmanr Ztschr. f. Heilk., 1907, xxviii, 203 

25. Griitzne Arch. f. d. ges. Physiol Pfliiger’s), 1905, evi, 463 

26. Pryn Miinchen. med. Wehnschr., 1908, lv, 57. 
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That subsequently taken lies nearer the center of the cavit This holds 


true if all the food taken is of the same consistency, or if that first taken 


is the more fluid. If the more solid elements are taken first, and subse- 
quently the more liquid, the wave-like motion of the fundal portion « 
the stomach-wall forces the solid particles more and more toward the 


center of the cavity: so that eventually the more fluid portions of th: 


contents assume the peripheral position. Only those portions in contact 
with the mucous surface of the stomach become acidified and peptonized. 
Those portions farthest from the mucous membrane remain totally ur 
at idified lor considerable ne riods of time. 

In considering the motility of the stomach, the funda nd pylor 
portions must be considered as quite distinct. From the time that the 


food enters the stomach, there is a gentle, wave-like motion, running 


from the cardia toward the pylorus. This extends to about two-thirds o 
the d Stance irom the card a to the pvlorus, where the antrum yior 
commences. This wave-like motion gradually sweeps the peripheral po 


tion of the contents of the fundus, which have been acidified and lique 


circular band of muscle becomes much thicker and. by its forcible con 
! a fol n 
action, practically divides the stomach cavity into two distinct cham- 


hers, the antrum pylori and the fur 


of the pylorie third of the stomach, exhibits, instead of this almost co1 


tinuous wave-like action of the fundal portion, an intermittent, extrem: 


forcible contraction, which forces its acidified contents into the duo 
enum when the pylorus relaxes. 

It is interesting in connection with these newer observations to note 
the following remarks which were written by Wilson Philip?? almost a 
entury ago and have apparently entirely escaped the attention of recent 


When the foregoing experiment is considered it will appear, either that th 
food last received into the stomach is never mixed with that already there, and 
which has more or less undergone the action of the gastric fluid, or if they be 
mixed together, that the stomach has the power of again separating them, re 
taining the one and propelling the other into the intestine. These facts induced 
me to make some experiments on a large scale, for the purpose of ascertaining 

ith great accuracy the process which takes place in the stomach, without whicl 


hich arise from its 


it is impossible to understand the natur symptoms w 
defects 

With this view I examined the stomachs of about a hundred and thirty rabbits 
immediately after they had been killed in the usual way, which is by a blow on 
the back part of the head, at various periods of digestion. The following were 
the results: 


Philip, A. W. Wilson: A treatise on indigestion, Edition 2, Philadely 
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The first thing that strikes the eye on examining the stomachs of rabbits 
which have lately eaten is, that the new is never mixed with the old food. The 
former is always found in the center, surrounded on all sides by the old food, 
except that on the upper part between the new food and the smaller curvature 
of the stomach there is sometimes little or no food. If, as we ascertained by 
more than twenty trials, the old and the new food be of different kinds, and the 
animal killed before a great length of time has elapsed after taking the latter, 
the line of separation is perfectly evident, so that the old may be removed with- 
out disturbing the new food. To ascertain this point we fed rabbits on oats, and 
after making them fast for sixteen or seventeen hours, allowed them to eat as 
much cabbage as they choose, and killed them at different periods, from one to 
eight hours, after they had eaten it. 

On opening the stomachs of rabbits three or four weeks old, who both sucked 
and ate green food, we always found the curdled milk unmixed with the green 
food. Before the stomach was opened we could, from its transparency, see where 
the green food and where the milk lay. 

If the old and the new food be of the same kind, and the animal be allowed 
to live for a considerable time after taking the latter, the gastric fluid passing 
from the old to the new food and changing, as it pervades it, renders the line of 
separation indistinct. So that on a cursory view we should suppose the old and 
the new food mixed together, but toward the small curvature of the stomach and 
still more toward the center of the new food, we find it, unless it has been very 
long in the stomach, undisturbed and comparatively fresh. All around, the nearer 
the food lies to the surface of the stomach the more it is digested. This is true 
even with regard to the food in the small curvature, compared with that nearer 
the center, and the food which touches the surface of the stomach is more digested 
than any other found in the same part of the stomacau; but, unless the animal has 
not eaten for a great length of time, the food in contact with the surface of the 
stomach is in very different stages of digestion in different parts of this organ. 
It is least digested in the small curvature, more in the large end, and still more 
in the middle of the great curvature. 

The foregoing observations apply to the cardiac portion of the stomach; the 
food in the pyloric portion is always found in a state very different from that 
just described. It is more equally digested, the central parts differing less from 
those which lie near the surface of the stomach. It is evident, however, that all 
the change effected in the stomach is not completed when the food enters this 
portion of it, because we find it more digested the nearer it approaches the 
pylorus, where, being ready to pass into the intestine, it has undergone all that 
part of digestion which is performed in the stomach. 

It appears that in proportion as the food is digested it is moved along the 
great curvature, where the change in it is rendered more perfect, to the pyloric 
portion. Thus the layer of food lying next the surface of the stomach is first 
digested, and in proportion as this undergoes the proper change, is moved on by 
the muscular action of the stomach, that next in turn succeeds to undergo the 
same change \s the gastric fluid, to a certain extent, pervades the contents of 
the stomach, though apparently in no other way than by simple juxtaposition, 
for the arrangements of the food, above described, we never found disturbed: the 
change in each part, which in its turn comes in contact with the stomach, is far 
advanced before it is in actual contact with it; and consequently is soon after 
this in a proper state to be moved on toward the pyloric end. 

Thus a continual motion is going on, that part of the food which lies next to 


the surface of the stomach passing toward the pylorus, and the more centra) parts 
approaching the surface; whether food is ever so digested in the small curvature 
as to be sent to the pyloric portion without having traversed the large curvature, 
I have not been able to ascertain. When rabbits have fasted sixteen or eighteen 
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hours, the whole food found in the cardiae portion, which is in small quantity 
vompared to what is found in it after a fast of short duration, seems to be all 
nearly in the same stage with that next the surface of the large curvature, the 
gastric fluid having pervaded and acted on the whole, and is consequently, as far 
as we can judge, prepared to be sent to the pyloric end : 

Although the food is in the most digested state in the pyloric end, it appears 
from the fact just mentioned, and several other circumstances, that the change 
is chiefly effected in the great end of the stomach. . ° 

From all that has been said it appears that the process which the food under 
goes in the stomach is that of being formed into a mass in appearance nearly 
hemogeneous; that this process takes place only on or near the surface 
stomach, and that, in proportion as the food there situated undergoes the neces 
sary change, it is by muscular power of the stomach moved onward toward the 
pylorus, making room for that which next succeeds until the whole contents of 
the stomach have undergone this process, the digested contents being regularly 
discharged into the duodenum, as they arrive at the pylorus, till most, and in 
some animals all the contents of the stomach are thus removed into that intes 
tine; from which, after they have for some time been detained there, and mixed 
with bile and pancreatic fluid, they are continually passing into the adjoining 


parts of the canal. 


If there are varving degrees of admixture f and ist! ‘ 
in the different layers of the stomach-contents, and if the pyloric portion 
of the stomach-cavity contains only the well acidified and peptonized 


portions of the ingested material, it would be expected that the different 
portions of the stomach-contents would reveal varving degrees of acidi 
and peptic activity. Investigations have proved this to be correct. Sick, 

by means of a stomach-tube, the lower end of which could be opened at 
will, found that the acidity of the fundal and pyloric portions of the 
gastric contents differed at different periods of gastric digestion. Short] 


after food is taken, the acidity of the fundal contents is the greater: 


later in the process of digestion the acidity of the pvloric region exceed 
that of the fundus. 

More recently Landerer*® has.shown similar conditions to exist in 
the peptic activity of the fundal and pyloric contents \t first, that of 
the fundus is the greater: later, that of the pvlorus becomes the greater 

Taussig and Rush*® have studied the bearing that this separation of 


the fundal and pyloric portions of the stomach has on the interpret 


tion of a test meal. They found that the amount of gastric contents 


obtained when the patient was in the sitting posture was usuallv muc 


less than that obtained when the patient was first in a sitting position 
then lving on the back, and finally lving on the right sid In the tw 
latter postures they obtained from 17 to 65 ¢.c. more than could by 
obtained in the sitting posture. Finally, ntroducing a known « in 


28. Sick: Deutsch. Arch. f. klin. Med., Ixxxviii, 169 
29. Landerer: Deutsch. Arch. f. klin. Med., 1908, xeili, 563. 
30. Taussig and Rush: Boston Med, and Surg. Jour., 1908, elviii, 79 
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} 1] 


that couia 


tity ¢ vater, they recovered from 11 to 64 c.c. of contents 
not be r red by any of the former procedures. In studying the 
lity of the first two portions removed from a series of 28 cases after 
test breakfast Taussig and Rush found them to be approxi- 
n instances. The first portion was decidedly more 

than t : nd in fourteen instances, the reverse being true in three 
nstances. In one case a difference of more than 50 in the total acidity of 


the two portions was observed. Taussig and Rush believe that their ob- 
serva ns dest! , to a great extent, the value of the results obtained by 
nistration of a test meal. I think that they take too unfavorabl 


w of the subject. In the vast majority of subjects, by manipulating 
-tube, a certain amount of nausea can be produced ; and, as 
sil es a tendency to vomit, the reversed peristalsis incident to this 


f 


act w use a fairly uniform admixture of all portions of the stomach- 


It has long been known that in various circumstances the regurgita- 


n of bile and pancreatic juice into the stomach occurs. Beaumont no- 


ticed that the introduction of oil into the stomach of his patient caused 


1 
f } 


the appearance of thi 


1is phenomenon. It is only recently, however, that the 
tancy of this regurgitation under definite conditions has been well 
established. Boldvyreff* observed that in dogs the introduction of 01 


or of anv strongly acid solution regularly induced a regurgitation of 


bile, pancreatic juice, and succus entericus from the duodenum into 
the stomach, and that the same phenomenon occurred occasionally when 
the stomach had been empty of food for a considerable period of time 
ind no oil or acid was introduced. 
Investigating the frequency of this phenomenon in man, Volhard** 


| f tr n the stomach after an 


was able te emonstrate the presence of trvpsin { 
oil test meal in 86 per cent, of the cases studied. Faubel. In a sin ir 
nvestigation, obtained a positive result in but 70.6 per cent. of his 


He thinks it probable that this low percentage can be accounted 


for by a technical inaccuracy in his trypsin estimations. Lewinski** had 
} 


1e same percentage of cases as did Fanbel. 


positive results in practically t 
When. | ever, he neutralized the gastric acidity before the introduction 
t] ‘il trvpsin was found in all the cases. More recently, Molnar 


O . 
J 1 regurgitation of the duodenal secretions after the introduction 
of oil into the stomach in 48 out of 50 eases. The two patients in 
31. Boldvreff Arch. f. d. ges. Physiol Pfliiger’s 1907, exxi, 13 
32. Volhard Miinchen. med. Wehnsch1 1907, liv. 403 
33. Fauhel Beitr. z. chem. Physiol. u. Path. (Hofmeister’s), 1907, x, 35 


34. Lewinski Deutsch. med. Wehnschr., 1908, xxxiv, 1582. 
35. Molnar: Ztschr. f. klin. Med., 1909, Ixvii, 189 
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secretion. This sensitizing action is manifested when the stom- 
s intr ed directly into the stomach or when it merely remains 
time in the mouth and pharynx. Its action seems to be more 


appears probable from the observations I have made on the effect 


introduction of acid and alkaline solutions into the stomach that 


edominating influence in the control of the periodic opening of 
( s is exerted by the chemical reaction of the contents on the 


ial sid f the pylorus. Though the chemical reaction prevailing 


gastric side of the pylorus is of importance in the pyloric mechan- 


is dist netly su ordinate to that on the duodenal side. This hy- 


s explains the slow discharge of gastric contents of high acidity 
e more rapid discharge of gast contents of low acidity 

observed by Wilson Philip almost a century ago, and as more 
y determined by Griitzner, Prym and others, the food in the stom- 
f the lower animals undergoes a laver-like arrangement: th 
food and the solid food first introduced take a peripheral posi- 
ext to the mucosa, while that introduced later takes a mor 


position. As the portion next to the mucosa is peptonized and 


liquefied it is swept by the wave-like motion of the fundal wall into tl 
antrum pylori preparatory to being ejected into the duodenum, when th 
next layer in the fundus comes into contact with the mucosa to be sub 
jected to the same process. Though it has been impossible to repeat 
these observations in man, the same phenomena in all probability occur 
in the human stomach 


at clinical assistance in the diagnosis of affections of t 


regurgitation of bile and pancreatic juice from the duodenum 


1 1 1 


he stomach after the introduction of oil into the empty stomach 


o occur with great constancy in normal individuals. If futur 


tions show this to be correct the phenomenon may prove to be 


le pancreas 
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er extensive discussion as to the origin of the s 
rhephromas Ol the idney, it is strange that prac 
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ire present in these tumors. Investigation of most 
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ill attention to the existence of a marked arteri 
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Tr the res ‘ a flo ng ot the ilood with 
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nee ¢ arteriosclerosis in fatal case hvest ited b 
mental evidence brought rward to show the pres 
hnyperne ro Ss s I observation DY iy loroff, 
pernephroma caused dilatation of the pupil of t 
s, which is a most d itt est adrenalin Hy 
| Ss extrac I res I ( ! e any ¢ ( 
i ) | | \ ( ne ( , ig 
1, one | nished by Dr. ] 
) so. , fi ‘ ’ tive results 
FIRSI WOR 
I ‘| ( Was < re ed or 
( r tur tissue, t 
three 1 { et weight ¢ 11s vater an 
{ | rs J s extract 
. I P t uy i if 
n ) \ ves I M H08 : 
Tt } f L906 70 
1908, 11, 55 














292 VALIGNANT RENAL HYPERNEPHROMAS 


was ve! Siight acidu ited and polled to remove the prot | coag 
ulable protein was then filtered T. sufficient se m chlor vided to 
make the fiitrate of 0.9 per cent. strengt ind the ite rendered ster 
( ) DO ny \s l control ol Ss method ¢ roceadure Lie fresh 
iirenal glial Ss ol a norn il aog were extracted mn ¢ the same vay 
Befor sing this latter extract It Was ¢ ( ( ne in ten, so that as fa 
s the amount of the substance extracted is concern the tume extrac 
should be two and one-half times as stro er equal volume. 


These extracts wer tested for adrenalin in three wa Ss, as [0 lows: 


1. Effect on the Blood-Pressure of Two Normal Dogs.—Tracing 1 is 


the result obtained on the first dog tric Che animal was in good condi- 
tion and was kept under light ut constant anesthesia. The d fferent 
solutions were injected intravenous!y as indicated in the tracing. It is 
to be noted that in every case the intravenous injection of the tumo 
extract produced a very slight ‘ ved " 
the blood-pressur¢ his preliminatr se is no more than is caused b 
in equa nount of physiologic salt s tion, as Is own by the tracin 

| ( fall nh Lie blood press ( . Sil l Lo I { ) eC\ 
tracts of all organs except the adrenal and the hypophysis. For a conti 

of this experiment, injections of different-sized doses of adrenalin chlorid 


were ised It will be noted that thi niection of 1 ce. of a 1 to 50.000 


solution produced a striking rise in the blood-pressure, when compare: 
with the slight initial rise after the injection of the tumor extract or o 
the salt solutiol 

Tracing 2 was taken on another dog si the same t ! 
s im the st dog, but instead of using lrenalin ¢ d as a control 
the adret vland extract referred to above is User In this case 50 cx 
of the tumor extract were injected at one time. This is noted at 9 
(‘Tracing 2) | Ss caused a mal ( i ! ) | essure l { ! 
nitia ris As a control or 1 ( ‘ nt Up ¢ ‘ the extract ¢ 
the adret cland wer njected (11 Ura e 2) | sD ced 
marked se in the blood essure, tvpica dre! n. It can be seer 
from thi if the dose of the tum t ar renal ¢ wt that 
the dose of the former was relative { ndred ar tv times as 
large as the latter. 


ppears to be the first to app ind des e this test. It depends on tl 
rropert ot a enalin to stimulate tbe un? sculature that Is inne! 
ated by the svmpathetic nervous system. The test consists of t ne the 


enucleated eye of the frog and placing it in the solution to be tested. I) 


$1. Ehrmann Arch. f. exper. Path. u. Pharn 1905, lili, 97 











casein, ypinnthlD rN : mraet\ he! ‘we 








scenes yep taint 
lracing. | March 11, 1909 Weight of dog, 12 kilos. Blood-pressure from the carotid artery. Intravenous injections into the femoral vein 
Time tracing in seconds Index to tracing l. Injection of 5 e.c. tumor extract » Iniection of 10 ec. tumor extract 3. Injection of 15 
tumor extract 1. Injection of 15 ¢.c. 0.9 per cent. NaCl sol 5. Injection of 5 e.e. 1/30000 adrenalin chlor 6. Injeetion of 2 cx 1 30000 a 
renalin chlor. 7. Injeetion of 1 e.c. 1/30000 adrenalin chlor 
x | 
9 , i aw NY, Nil yh Uhl e pny) alt ime 
Ni dn PM : 
1] 
Tracing 2.—Blood-pressure from carotid artery. Intravenous injection into the femoral vein lime in seconds Index to tracing 0. In 
jection of 50 ¢.c. of tumor extract. 11. Injection of 0.5 c.c of adrenal gland extract 


\ \ Na 
Y ean OE ww ‘hauaslie 
oo adtarns. Sit Se ee omens X. gsoamacrend v ie canal ba et 
2 reg ; 
Ney 


Qa (- 


! l 
Tracing 3.—Blood-pressure from carotid artery, Intravenous injection into the femoral vein Index to tracing: a—b, one minute time 
2. Injection of 30 ¢.c. tumor extract. 3. Injection of 30 ¢.c, 0.9 per cent NaC’, sol 1. Injection of 3 e.c. adrenal gland ext 5. Drum stopped 
6. Injection of 3 cc. adrenal gland ext. 7. Drum stopped. 8. Injection of & e.c, 1/50000 adren, chlor sol. 9. Drum stopped 10. Slow injection 
of 50 ec, tumor extract 
‘italiane ERNST oe RE ree OMA, LY RTD TR 





























204 MALIGNANT RENAL HYPERNEPHROMAS 


the presence of very small quantities of adrenalin the eye of the frog 
shows marked dilatation. Ehrmann asserts that by this test adrenalin 
can be detected in a dilution as high as 1/10,000,000. Several tests were 
made of the tumor extract according to this method. A record of one of 


these tests is as follows: 


Substance Tested Dilatation of Eye rime Required for Effect 
Adren. Cl. 1/50000 Complete. 10 minutes. 
Adren. Cl. 1/100000 Complete. 18 minutes. 
Adren. Cl. 1/500000 Complete. 60 minutes. 
NaCl. (0.9%) ' No dilatation. Up to four hours 
fumor extract. No dilatation. Up to four hours 
Adrenal gland extract. Complete. 30 minutes. 


It will be noted that this test was entirely negative; in fact, the size of 
the pupils placed in the tumor extract actually decreased. 

8. The Colorimetric Test.—A rather delicate chemical test for the 
presence of adrenalin is the colorimetric one first described and applied 
bY Comessatti.° This test is made by adding to the solutions to be tested 
equal amounts of a solution of mercuric chlorid. In the presence of 
adrenalin the solution turns pink, the depth of the hue depending on 
the amount of adrenalin. This test Coes not appear to be as delicate, how- 
ever, as that with the frog’s eye, for we could not get a positive reaction 
in a dilution of 1/500,000 of adrenalin chlorid, a strength of which is 
easily detected by the eye test. By this test the tumor extract gave en- 
tirely negative results, while the adrenal gland extract gave a strongly 
positive reaction. 

SECOND TUMOR 


This tumor was received fresh and was treated in exactly the sam 
way as the other tumor, with this one exception, namely, that it was 
extracted for twelve hours, as against six for the former. For contro] of 
this extract another adrenal gland extract was prepared in exactly the 
same way as the tumor extract. This gland extract was also diluted to 1 
in 10 as in the former case. 

Tracing 3 gives the results of th« injection of these extracts on the 
Llood-pressure in a dog. In this case on the injection of 30 c.c. of the 
tumor extract there was a slight initial rise in the blood-pressure fol- 


lowed by a marked fall. Here again the initia] rise caused by the tumor 
extract is no more than that produced by the same amount of salt sol 
tion. An injection of 3 ¢.c. of the adrenal gland extract produced a very 


marked rise in the blood-pressure. This is shown at 4 and 6 in Tracing 


5. Comessatti: Miinchen. med. Wehnschr., 1908, lv, 1926. 
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o. This tracing also shows the effect of a dose of 5 e.c. of 1/50.000 
adrenalin chlorid and of 50 ¢.c. of the tumor extract (8 and 10). 


Frankel® has recently described the extreme delicacy of the test for 
adrenalin with the uterus of the rabbit. He asserts that when immersed 
in solutions containing as little adrenalin as 1 part in 10 to 20,000,000 
the uterus will go into tetanus. This tumor extract was tested in this 
way, but instead of showing the presence of adrenalin by going into t) 
typical tetanus, the uterus quickly lost completely its irritability. 

The tests with the frog’s eye and with the mercuric chlorid were 


entirely negative in repeated attempts. 


GENERAL CONSIDERATIONS 


The absence of the blood-pressure-raising principle of the adrenal 
from these tumors does not, however. indicate that they are not derived 


from adrenal rests in the kidney. This active principle of the adrenal is 
the product of the medullary portion of the gland, which is quite dis 
tinct from the cortex, functionally, embryologically and anatomically 
Hypernephromas reproduce the cortical portion of the adrenal, whic! 


is derived from the same embryonal anlage as the kidney and the ovary, 


which structurally resembles quite closely the corpus luteum, and which 


functionally seem to have nothing to do with blood-pressure, but rather 
to be related to the generative functions.? The medulla of the adrenal 
which secretes the active principle, is derived from the sympathetic 
nervous system, and, with possibly a few exceptions,* is not represented 
in hypernephromas. Therefore, the presence of adrenalin is not to bh 
expected in hypernephromas, since the adrenal cortex, which thes 
tumors reproduce, does not normally form adrenalin. It is possible that 


tumors arising from the adrenal itself may be found to contain adrena 
lin; indeed, Félger® claims to have obtained a rise of blood-pressure in 
animals by injecting extracts of adrenal tumors of horses, but in this casé 
the question may be raised as to whether the adrenalin was produced b 
the tumor or by the remnants of the adrenal. 

6. Frankel: Arch. f. exper. Path. u. Pharm., 1909, Ix, 395 

7. See Bullock and Sequeira: Tr. Path. Soe., London, 1905, lvi, 189. Thu 
mim: Berl. klin. Welhnschr., Jan. 18, 1909, xIvi, 103 

8. See Ohlmacher, Jour. Med. Research, 1902, vii, 421. 

9 Filger: Monatschr. f prakt lierheilk, 1908, xx, No. 4 























FURTHER OBSERVATIONS ON THE THIRD HEART SOUND * 


WILLIAM SYDNEY THAYER, M.D 


BALTIMORE 


At the last meeting of the Association of American Physicians’ | 
made a few remarks concerning the frequency, especially in young peopl 
of a third heart sound heard in early diastole somewhere between on 
tenth and two and one-tenth of a second after the second sound of 


the heart, causing a characteristic protodiastolic gallop. This sound 


especially common in the recumbent and left lateral postures and is more 
frequent in young individuals. It was pointed out that it was often 
associated with a palpable and sometimes even with a visible impulse, 
and this impulse was shown to be identical with the normal early dias 
tolic elevation of the apex cardiogram. Further analogies were pointed 


out between this sound and that which characterizes the early diastoli 
gallop rhythm heard under various pathological conditions, especially in 


aortic Insufficiency, in mitral stenosis and 


n adherent pericardium, Car 


diograms and jugular tracings showed that the ascending limb of thy 
protodiastolt elevation of the cardiog aim corresponds with the descend 
ng limb of the v wave of the jugular pulse, but when allowance is mac 


odiastolic elevation falls often 


{ ; 


or transmission time the apex of the prot 
on a slight rise described first by Hirschfelder as the 4 wave: this wave 
Was present or indicated ina Surprising proportion of my cases, 

During the past six months Dr. Peabody and I have endeavored to 
accumulate records of different forms of pathological gallop rhythm 
as well as of these instances of third sound in normal individuals wit 
the view, if possible, of determining, first, the frequency of this phe 
nomenon in the healthy man, and, second, its relation, if any, to the 
pathological protodiastolic gallop rhythm. While I am not ready at th 


present moment to enter into an extended discussion of the pathologi 


gallop rhythms, there are certain points with regard to our observations 


l 


which seem to me worth bringing up to-day. 

* Read before the Association of American Physicians in May, 1909 

l. Thaver. W. S The early diastolic heart sound (the so-called third heart 
sound). Boston Med. and Surg. Jour., 1908, elvill, 713; Tr. Assn. Am. Phys 


1908, xxiii, 326. 
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=S THE THIRD HRART SOUND 


lI. THE FREQUENCY OF A TITIRD sot DIN NORMAL INDIVIDUALS AND TIII 


CONDITIONS UNDER WILICHL TT IS OBSERVED 


We have studied a limited number of ealtl patients who har 
cntered the hospital for trivial surgical complaints, a number of normal 
ovs and girls of different schools, as well as a series of physically healthy 
individuals at the city jail. These observations have been in some 
respects rather surprising | have examined altogether 231 consecutive 
ndividuals; in 65 per cent. of these subjects under the age of forty th 
third heart sound was present. This sound. however, 1s rarely audible in 
the erect posture: it is present commonly in the dorsal decubitus and ts 


eft lateral position, where the apex impulse 


more evident Its frequency varies in an interesting manner accord 
Ing to the ave ot the individual. > ( rrequenc with which the third 
sound was heard in these 231 individuals when arranged according to 
decades is shown the accompanving table and chart (Fig. 1). 


Paste Suowine THe Frequency or THe Tutro Heart Sounp In Two HuNprep 


AND THIRTY-ONE NORMAL INDIVIDUALS 


Decades ] » } Dd “ 
( ases 30 ”) 7) -t 14 ri 
Pereentage of ses with third sound 00 S44 50.0 j? 3 14 0 


It may then safelv be asserted that the earl diastolic o1 third sound 
sa normal phenomenon in a large proportion of young individuals. 

\ further analysis of these cases shows that in every decade except 
the fifth, in which there were but 14 cases, the average pulse rate wa 
somewhat slower among the cases in whit the third sound was audibl 
than among those in which it was not heard 

Cardiographic and jugular tracings have been taken in a number o 
cases Ina instances these slow a rather marked protodiastolic eleva 


tion on thy cardiogram. The do not, howe er, siow as onstant an is 


It mei then sate mM Sse ted that ft Cul dl astolle or ti irc sound 
sa norn enomenon in a large proportion of voung individuals 
Il. WHAT IS TILE CAUSE OF TILIS PILENOMENON 7 


Wh ‘ these observations clo not }I =til posit vi‘ conclusions ont 


port, they have on the whole strengthened me in the feeling that was 
e\pressed last i Theat thre sound = probal the result of a sual nm ter 


sion of the mitral valve occurring with the first inrush of bleod at the 


2. For the privilege of examining these prisoners [am indebted to the urtesy 


and kindness of Dr. G. L. Wilkins 
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heginning of diastol (As has been previously shown, this sound = is 
\ nquestionably coincident with the impulse associated with the first inrus! 
of blood from auricle to ventricle: it is especially frequent in cases in 
which this impulse is unusually marked. 
One might, there fore, expect the sol nal to iv audible mn normal ina 
viduals: 
Decades 1 ? 3 } D 6 
No. of Cases 30) (YS hd 26 14 7 
Percent. 
; 10 . 
By w” 
# 
4 A 
i su) 
4 
4 | 


7 A 
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Fiy. | Chart showing occurrence of third heart sound in normal indi 
viduals The uppermost line \-A) indicates percentage of cases in which the 
2 sound was heard the second B-R line the percentage of cases in which th 
sound was heard in the dorsal decubitus: the lowest line (C-4 the percentage of 
eases In which the sound was heard in the erect posture 
RR 1 positions in which the apneyN Is especial ACCOSSIDL 
. 
: 2. Under circumstances in whic the quantitv of blood in the I 
4 
r ’ , 
’ iuricte is rae 
+ } 
| But when we consider the cone ls rele \ ( ( mun Q i] 
] } ] ) { ] + if 
Wn normal Maividuais we nad tha Lt is best a 
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THE THIRD HEART SOUND 


Accessible 


1 } } } 
} | 


‘slow pulse. which means a ylood. 


first slow beats of expiration wl ’ nflu- 


we have tive presence ot more blood hve 


ation into the lung during inspiration. 


bi 4 lhird heart sound protodiastolie gallop) Normal heart Lhe 


upper tracing is from the jugular vein; the middle tracing is the apex cardio 
gram; the lowest tracing is from the brachial artery Ihe timer registers tenths 


of seconds 


Moreover. in pathological conditions one might expect the 


to be more marked: 
litions in which the quantity of blood entering 
is exceptionally large 
the filling of the ventricle is unusually rapid 
i ventricle, owing to changes in the walls or a dimin 
tonus, is unusually distensible or dilated. 


he conditions under which an increased quantity of blood 


in diastole are especially aortic and mitral insuffi 
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ciency. In the former condition the third sound is present in most 


Cist> 


With regard to mitral 


insufficiency I have been struck this winter by 
the frequency with which a slight dull 


sound is heard in early diastole, 
especially in those cases in which the heart’s action is slow. 


Figures 4 to 
( show the marked protodiastolic impulse in cases of gallop rhythm in 
iortic and mitral insufficiency. 


Figure 3.—Third sound ( protodiastolic 
most tracing is from the j 
t he 


gallop Normal heart I hie 
ugular vein; the middk 
lowest tracing is from the brachial artery 


upper 


cing is the apex cardiogram 


example of a condition in 
- might he « x pected to be 


Adherent pericardium (b) is the striking 
which the filling of the ventricle especially rapid ; 
mut here the early diastolic 
With re 


s low and the walls might | 


sound and shock are characteristic. 
gard to conditions (c) in which the tonicity of the ventricl 
e easily distensible, as in patients alter 
nfections, it may be said that 


thi 


acute 
a diastolic gallop is generally regarded 
circumstances. I can not 


much struck with its frequency | 


here 


al 
common under these 


say that I have been as 
as under some other circumstances, 
but it mav well be that its absence in hospital cases in which the patients 











sO THE THIRD HEART SOUND 
have been lor n the recumbent posture due to the fact that a larg 
tine nt ! od has accumulatee n the splanchn Vessels 
In cases itation of the lett enti e. which are common ISSO 
ciated also wit relative mitral insufficienc the condition is, as is we 
known, espe common. In all these con ns. with the presence o 
: gallop 1 ! rrotodiastolic elevation on the cardiogram is marked. 
With reg to mitral stenosis, In whi is Is We nown, a thi 
’ sound Is vel common, the condition ts not ways inalogot Ss, In some 
vv x, rv ) i A nN), KIPIIADD A. LADD WIADDIII A KAN ) a8 h. > 
: 


Figure 4 Protodiastolic gallop rhythm Mitral insuflicieney 
tracing is from the jugular vein; the middle tracing is the apex 
lowest tracing is from the brachial artery 
cases associated with insufficiency. in which the stenosis 
degree, the conditions, as has been pointed out, are sucl 
nanifestat might be expects ina Is Is the ise 
opening snap, occurring apparently rather early s aud 
definite p stole shoct In ices Of extreme stenos 
that the tension the valves givin rise to the sound 
a result o : rom above 1 association with ti diast 
or thre ent! is Was Sl vested ) Potain Witl this ¢ 
eve I ( > v probable that the norn ind patle ct 
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The uppermost 


cardiogram: the 











THE THIRD HEART SOUND 


sd 


thy elevation ot the extremities, an increase wl ich, atter a time, might 


nn of blood in the abdominal ves 


disappear as a result of the accumulati 


1 


+t sounds of patients in the 


dorsal dec ubitus with those heard when the legs and arms were held by) 
The elevation of the extremities has 
] 


seemed to me distinctly to increase the intensity of the sound 


sels, In a few cases 1 have compared the hea 


attendants in an elevated position. 





Figure 6.—Protodiastolic gallop rhythm. Mitral and aorti insufficiency. ‘The 
uppermost tracing is from the jugular vein; the middle tracing is the apex cardio 


gram: the lowest tracing is from the brachial artery 


1\ WHY SHOULD THE SOUND BE MORE MARKED IN rie LEFT LATERAI 


POSTURE ¢ 
] 


The answer to this would seem to be simple enough. The slight an 


difference between the frequency with which the sound 


almost constant 
s heard in this position and in the dorsal decubitus may well be accounted 


for by the greater accessibility of the apex and by the fact that the 


entrance of blood into the ventri le does not in this position take place 
against gravity. 
In addition to this it may be that the apex systolic murmur so com- 


monly heard in voung individuals in the recumbent and especially in thi 
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left lateral posture, in perfectly normal hearts, may represent, in some 
instances, a slight functional mitral insufficiency, in which case the 
greater frequency of the sound in these positions would be easily 
explicable. 

In conclusion, these observations would seem to justify the following 
assertions : 

1. The third heart sound is present in the majority of young indi- 
viduals in the recumbent and left lateral posture. 

2. This sound may well be due, as first suggested by Hirschfelder and 
later, independently, by Gibson and myself, to the sudden tension of the 
auriculoventricular valves as a result of the first rush of blood from 
auricle into ventricle in diastole. 

3. Pathologically, the sound is especially frequent in conditions in 
which the quantity of blood entering the ventricle from the auricle is 
especially large; in which the diastole is unusually rapid; in which there 
is a lowered ventricular tonus or dilatation of the ventricle. The most 
striking examples of these conditions are aortic and mitral insufficiency, 
some instances of slight mitral stenosis combined with insufficiency, 
adherent pericardium, myocardial weakness and dilatation of the ven- 
tricle. 

4. A protodiastolic gallop, therefore, is not per se a pathological 
manifestation. 


406 Cathedral Street. 


























THE EFFECT OF TUBERCULOSIS ON THE HEART * 


F. M. POTTENGER, A.M., M.D., LL.D. 
MONROVIA, CAL. 

A good heart is one of the best assets possessed by a patient suffering 
from pulmonary tuberculosis. From the earliest infection by the tuber- 
cle Lacillus it is more or less disturbed in its action, and as the focus of 
infection grows larger the effect on the heart becomes greater. The 
deleterious influences which react on the heart are many and from 
varied sources. The heart problem increases in complexity as well as 
in inaportance as the disease advances in severity. While it would seem 
that, with the present-day knowledge of tuberculosis and the means at 
our command for making an early diagnosis, we should see a greatly 
diminished number of cases of advanced tuberculosis in the future, vet 
I fear that it will be a long time before tuberculosis will be generally 
diagnosed early; and I do not doubt that any knowledge that may be 
added bearing on the condition of the heart in advanced infections will 
be welcome and of clinical value. 

There are many difficulties in the way of giving an opinion on the 
condition of the heart in individuals suffering from tuberculosis, espe- 
cially those suffering from advanced tuberculosis. The position of the 
heart in the chest is altered, the pulmonary circulation is embarrassed, 
changes occur in the systemic arteries as well as the heart itself, blood 
pressure is altered, the relative intensity of the heart tones is changed, 
numerous murmurs appear at the various valve areas and numerable 
adventitious sounds are heard. Without bearing these facts in mind 
many erroneous opinions will be given. 

The first change that occurs in the heart and circulatory system is 
noted as soon as the infection is of sufficient grade to cause clinical 
symptoms. This is an acceleration of the pulse. It is probably of toxic 
origin and is associated with a lowering of the blood pressure due to 
the action of the tubercle toxins on the vasodilators. This quickening 
of the pulse may be slight, in which case it would perhaps be noted 
only after exertion; or it may be marked and even show when the pa- 
tient is at rest. The causes which operate to quicken the pulse during 
the course of pulmonary tuberculosis are many. The rapidity is in 


*Read before the Sixteenth International Medical Congress, Budapest, Hun 
gary, Aug. 29 to Sept. 4, 1909. 
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part doubtless a physiological response on the part of the heart to com 
pensate for the lowering of the blood pressure caused by the dilatation of 
the arterioles; in part due to a lack of power on the part of the heart 
muscle itself, resulting from the action of toxins or because of over 
work; in part due to a stimulation of the sympathetic fibers in the 
chest, and doubtless in part due to the interference with the inhibitory 
action of the vagus. 

As the disease progresses and the action of the toxins becomes more 
manifest, general muscular wasting occurs in which the heart muscle 
pears its share. ‘Then it is that we tind the greatest changes in the 
blood pressure. Opposing the fail in pressure we find, early in the dis- 
ease, hypertrophic ( hanges in the right ventricle; and later, quite often, a 
thickening of the arterial walls. 

Having noticed a thickening of the arterial walls in many cases of 
advanced tuberculosis, I decided to find out how general it is, with the 
result as noted in Table 1. In the first place, | found it most com 
monly in patients who had suffered from the disease for many years, 
consequently in those in whom the fibroid form of the disease predom- 
inated. I do not doubt that the cause is the prolonged action of weak 
toxins on the vessel walls. This opinion is supported by Table 1, which 
shows the comparative frequency of palpable arteries in those ill less 


than one year, from one to two years and more than two years: 


TABLE 1 SHOWING THE COMPARATIVE NUMBER OF PALPABLE RADIALS IN IA 
rIENTS WHO HAVE BEEN ILL LESS THAN ONE YEAR, FROM ONE TO Two, 
AND More THAN TWo YEARS TOTAL NUMBER OF PATIENTS, 162 
Duration of Disease.— 
Condition of Radials Less Than 1 Year 1 to 2 Years. More Than 2 Years 
Palpable rrerr Tres 14 20 60 
Non-palpable .... os 14 21 33 


I took as an index to the condition of the arterial walls the condi- 
tion of the radials, and determined whether or not they were palpabl: 
either after stripping the vessel from below upward with the second 
finger of one hand and from above downward with the second finger of 
the other hand and then using the first finger to do the palpating of 
the empty vessel, or by palpating the vessel while the blood was shut 
off from the artery by the cuff of the blood pressure apparatus. Very 
inexact data will be obtained unless the column of blood is first expressed 
from the artery. 

Analyzing the blood pressures? of the 162 cases here represented, we 
see that there were 11 first-stage cases with an average pressure of systolic 


1. Stanton’s sphygmomanometer was used in making the blood-pressure ob 
servations recorded in this report The average blood pressure of 20 healthy 
adults taken under the same conditions showed systolic 130, diastolic 110. 
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108, diastolic 78; 21 second-stage cases with an average pressure of 
systolic 108, diastolic 81, and 130 third-stage cases with an average of 
systolic 103, diastolic 75. It must be remembered that these pressures 
were taken in Southern California, where climatic conditions favor a 
relatively low pressure. If we note the influence exerted by the pal- 
pable arteries (we include only the 130 cases in Stage III), we shall see 
that the average pressure in the 83 cases in which the arteries were pal- 
pable was: systolic 105, diastolic 76; while that of the 47 cases where 
they were not palpable was: systolic 102, diastolic 75. That this condi- 
tion of the arteries is not influenced largely by the age of the patients is 
very evident from Table 2, for of those who had palpable arteries none 
were between the ages of 15 and 20; 21 between 20 and 30; 45 between 
30 and 40; 20 between 40 and 50, and 7 between 50 and 65. And of 
those whose arteries were not palpable 11 were between the ages of 15 
and 20; 35 between 20 and 30; 16 between 30 and 40; 6 between 40 
and 50, and 1 between 50 and 65. 


rABLE 2 CONDITION OF THE ARTERIES ACCORDING TO AGE 
15 to 20 20 to 30 30 to 40 40 to 50 50 to 65 


Conditions of Arteries. Years. Years. Years. Years. Years. 
Radials Palpable ........ 00 21 45 20 qT 
Radials not Palpable.... 11 35 16 6 1 


Now, if we note the effect exerted by myocarditis (in this class I 
placed only those who showed marked clinical signs), we shall note the 
opposite effect. The average pressure in the 62 cases in the third stage 
showing myocardial change was: systolic 97, diastolic 70; while the av- 
erage pressure in the 68 which did not show this change was: systolic 
110, diastolic 82. 

Further analysis of these cases seems to indicate that these two 
factors, thickening of the arterial walls and degeneration of the heart 
muscle, are two very potent factors in modifying the blood pressure in 
tuberculous patients. Table 3 shows this very plainly for the cases 
which did not show myocarditis. Where myocarditis was not present, 
those patients who had palpable radials had a blood pressure of, systolic 
113, diastolic 82, even higher than the pressure of the first- and second- 
stage cases. In those of the same class whose radials were not palpable 
the blood pressure was, systolic 105, diastolic 85, making a difference 
of about 8 points in the systolic pressure, which seems to be due to the 
condition of the arteries as determined by the radials. This difference, 
although present, is not apparent in the cases showing myocardial change 
as arranged in Table 3. If Table 4 is studied, however, it will be seen 
that the reason for those who have palpable radials and myocarditis 
having a lower blood pressure than those whose radials did not show 
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the change is that several of the former had such severe myocardial 
change that the tendency to raise the pressure owing to the changes in 
the arteries was overcome and the actual pressure was lowered. This 
might indicate also that this thickening of the arteries, while helping to 
maintain the blood pressure in an earlier stage of advanced tuberculosis, 
finally proves detrimental in that it causes too great a strain to be 
thrown on the heart, and the heart muscle, being unable to meet the 
demand, fails. 


TABLE 3 SHOWING THE EFFECT OF THE CONDITION OF THE ARTERIAL WALLS ON 


> o 


BLOop PRESSURE WHEN ASSOCIATED WITH AND WITHOUT MYOCARDIAL CHANGE 
I 


No. Myocarditis No. Non-Myocarditis 

Radials. Cases. Systolic Diastolic Cases. Systolic Diastolic 
Radials Palpable ... 41 97 70 42 113 82 
Radials Non-palpable 21 97 69 26 105 83 


Myocardial change is present in some degree in practically all cases 
of tuberculosis. In the earlier stages of the disease when the patient’s 
general condition is good, this change is a hypertrophy of the right ven- 
tricle to enable it to do the extra work forced upen it by the diminution 
of the pulmonary vascular area. Later, through the action of toxins, the 
general malnutrition, overwork and other deleterious agencies, the mus- 
cle degenerates and weakens. The field of cardiac response becomes di- 
minished and whereas, at first, the heart is able to perform its function 
by calling on its reserve energy and working at its maximum power as 
evidenced by the hypertrophy which takes place, it is now no longer able 
to do so, and as a result the circulation is carried on imperfectly and 
dyspnea and cyanosis appear. 

In determining the presence of myocardial change, I took into con- 
sideration both clinical symptoms and signs on fhe part of the heart 
itself; and designated as cases of myocarditis only such hearts as showed 
marked change. 

There are many difficulties in the way of giving an opinion on the 
heart in advanced tuberculosis. In the first place, we do not have the 
same anatomical relations in advanced tuberculosis as we do in the nor- 
mal chest. Through the effect of pleurisies, contractions and compensa- 
tory emphysemas the heart is often displaced and the heart valves no 
longer bear their normal relation to the superficial landmarks. If the 
heart is uncovered by the retraction of a portion of the lung, sounds that 
are not at all intensified may appear much louder than they would under 
normal conditions, and, on the other hand, if a large portion of emphy- 
sematous lung be interposed between the heart and chest wall the sounds 
will appear much weaker than they really would with normal covering, 
and it would be very difficult to accurately judge their intensity. 
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The presence of infiltrations and cavities also alter the quality and 
apparent intensity of the sounds. It can readily be seen, then, that it is 
difficult to compare and determine the relative intensity of the sounds 
at the different valve areas. 

In making the observations recorded here I was compelled to disre- 
gard entirely the usual location of the valve sounds on the surface of the 
chest because the hearts were displaced to one or the other side in many 
instances. My data on the various valves was taken at the point where it 
seemed that the valve in question would most probably be located when 
the shifting of the heart had been considered. 

The following observations were made with the stethoscope: 

Apex 
Weak, 7 times. 
Strong, 5 times. 
Double, 89 times. 
Gallop rhythm, 17 times. 
Bruit, organic 6, functional 11 times. 
Triple sound, 1. 
Irregular, 2. 
Aortic 
First sound weak, 21 times. 
Second sound accentuated, 72 times. 
Second sound weak, 5 times. 
Bruit, systolic 6; diastolic, 4; organic, 5; functional, 5. 
Pulmonic— 
First weak, 18 times. 
Second accentuated, 94 times. 
Second double, 35 times. 
Bruit, 6 times. 
Tricuspid— 
Insufficiency, 4 times. 
Adventitious Sounds— 
Probably pleuropericardial adhesions, 15 times. 
Pericarditis, 1 time. 
Pericarditis (adhesive) 3 times. 


Some of the observations mentioned above require explanation be- 
cause the personal element always comes into play in characterizing ob- 
servations of this kind. Errors of judgment are prone to creep in, but a 
few words of explanation will doubtless make the meaning clear. 

A double beat was observed at the apex in 89 of the 162 patients. I 
designated as double what I considered as a departure from the normally 
recognized firm tone of the apex. The degree of doubling varied a great 
deal from what might be considered as a slight impurity to two very dis- 
tinct sounds. It is estimated that a double sound at the apex is heard in 
about 10 per cent. of normal hearts, but it will be seen that in the pa- 
tients here reported it occurred in more than 50 per cent. of the cases. 
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The frequency with which accentuation of the second aortic was found 
also requires explanation. In some cases this might be produced by the 
thickening of the systemic arteries; in others, it is only apparent and not 
actually an accentuation, the apparent accentuation depending on the 
nearness to infiltrations and cavities; in some cases it is due to the fact 
that the valve is uncovered and consequently seems louder and more 
accentuated than it is. 

Three of the bruits designated as organic Oct urred in one family. 

The four cases of tricuspid insufficiency were due to advanced stages 
of degeneration and dilatation of the heart mus le. 

During the course of this investigation my attention was called to 
the Bock stethoscope as offering help in determining the relative in- 
tensity of the heart sounds. I regret that I did not have the Bock record 
in all instances, but I have tried it in a sufficient number of cases to 
demonstrate its value. By studying Table 4 it will be seen that the Bock 
readings give a fair estimation of the condition of the heart muscle. In 
interpreting the Bock readings it must be remembered that the standard 
is an arbitrary one and the readings of each heart must be considered 
alone. Bock has determined that for the normal individual the aortic 
sound should be about one-third less than that heard at the apex, and 
the pulmonary sound from five to fifteen points below the aortic. 

Another very important topic for consideration in discussing the 
heart in its relation to advanced tuberculosis is the effect produced on it 
by the displacement which occurs on account of the changes in the lung 
and pleura. That this has received too little consideration in the past is 
self-evident. 

It is natural to suppose that organs perform their functions best 
when in their natural positions. The heart in its normal position lies 
on the diaphragm and swings from the great vessels which serve as 
points of fixation at the base. It is surrounded and limited in its motion 
by the pericardium, and the amount of motion allowed the heart is de 
pendent, to a certain extent, on the size of the pericardium. The peri- 
cardium is fixed at five points: to the under surface of the sternum, to 
the diaphragm, to the right and left pleure and to the great vessels of 
the chest. The heart is allowed slight motion within the pericardium 
under normal circumstances, as is noted on the change of position from 
lying on one side to lying on the other. Changes of this character in no 
wise interfere with the heart in the performance of its function because 
the position and size of the pericardium is not changed, the large vessels 
are lying free and easy in their normal place and no impediment is 
offered to the free and natural movements of the heart itself or to the 
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320 EFFECT OF TUBERCULOSIS ON THE HEART 


outflow of blood in the vessels. When, owing to contraction of one or both 
lungs, traction is made on the pericardium through its attachments with 
the pleura, a very different condition is brought about and the heart is 
forced to work at a great disadvantage. This can be readily understood 
if we take an extreme case in which the heart has been drawn up and 
out until the apex is found in the left axilla owing to marked contraction 
of the left upper lobe and compensatory emphysema of the right lung. 
In such a case we must assume that the pericardial space is encroached 
upon, thus interfering with the free movements of the heart itself. The 
traction of the pericardium on the vessels not only changes them from 
their natural position, but bends them in their course and thus throws an 
extra amount of work on the heart. What is true in this extreme case is 
also true in those of less degree, but to a less extent. For the heart to 
perform its function under these difficulties would tax a heart muscle of 
normal power ; but, in cases like these, the heart muscle is perhaps always 
the seat of degenerative change and consequently less able to meet the 
increased work thrown upon it. 

In determining the deep cardiac dulness in order to estimate the size 
of the heart, I found considerable difficulty. In the first place, it is very 
difficult to percuss the deep borders with accuracy. The degree of error 
may be reduced to a minimum, however, by the employment of several 
different kinds of percussion to check each other. I used two or more of 
the following methods in each case: finger-finger percussion, Ebstein’s 
percussion, rubber-tube percussion and auscultatory percussion. 

There is some doubt as to what should be considered the normal 
iimits of the normal heart. Of course, this differs according to the age 
and size of the individual and size and shape of the chest. Reiss? gives 
the following measurements from averages taken from a number of 
iediura-sized individuals: 

Distance of right border of heart from median line, third interspace, 2.75 cm. ; 
fourth interspace, 3.75 cm. 

Distance of left border of heart from median line, third interspace, 4.75 em.; 
fourth interspace, 7.5 cm. 

Sahli,* commenting on these measurements, says that they make the 
heart too small. If we take these measurements as a standard, however, 
it will be seen that a large percentage of the hearts in patients suffering 
from advanced tuberculosis are displaced. Of the 162 hearts examined, 
58 were in practically the normal position, 27 were displaced to the 
right and 77 were displaced to the left. Of the Stage I cases one was 
displaced and 10 were in normal position. Of Stage II cases, 4 were 








2. Reiss: Ztschr. f. klin. Med., 1888, xiv, 12. 
3. Sahli: Diagnostic Methods, Philadelphia, 1905. 
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and 17 were in normal posit 
lisplaced and 31 were in normal position. 
The question of the size of the heart has been on 
for many years. Of course, the measurements here given furn 
curate data on this question because they are taken from patients in 
whom the disease has existed for some time and consequent!y are re 


ords of pathological hearts. Of the 162 hearts examined, 70 were under 11 


interspace, and 92 


cm. in diameter measured on a level with the fourth 


were more than 11 cm. Of course, it must be remembered 


not always measuring the same cross-section of the 

d splacement that occurs different portions 0 

line with the fourth interspace. It must also be understood 
was made to give the greatest cross-diameter of the heart in 


urements. It is very probable that these figures are somewh: 
as to the size of the heart, for signs of hypertrophy of the 1 
were present in a large number of the cases, which, together wit! 


1 
| 


the traction of tl 


ai 


e pleura on the pericardium, as it often oc 
advanced cases, would probably have a tendency in ce 
force the heart backward. Thus a considerable degree of 

the heart might be present without enlarging its bord 
percussion. The same condition results from the fa 

s pushed to the left it is forced to turn backward b 


walls of the chest turn backward. 


CONCLUSIONS 


advanced tuberculosis. 
2. The factors which favor low pressure are tl 
on the vasodilators, the weakness of the heart muscle 
ing. 
3. The factors which have a tendency to maintain pressure ¢ 
trophy of the heart muscle and thickening of the systemic arteries. 
1. Thickening of the systemic arteries occurs perhaps as a result of 
the action of the toxins on the vessel wall and is found es; 
tients who have had tuberculosis for some time. 
5. Myocarditis is a condition very common in advance 


reatment 


and one which, if recognized, yields to appropriat 
nstances. 
6. It is difficult to g 


: : . o,° 
tuberculosis because conditions 


such things as infiltrations, cav 
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7. In the majority of advanced cases (99 out of 130) the heart is 
displaced and working at a disadvantage. 

8. In estimating the size of the heart it must be remembered that as 
the heart pushes over to the left it pushes backward and consequently 
the lateral diameter as taken on a level with the fourth interspace does 
not give an adequate idea of the real or true size of the heart: also that 


the hypertrop of the right heart often throws the left ventricle back 


ward, producing the same result. 
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DAVID J. DAVIS, M.D 
CHICAGO 
While the question of the relation that Pfeiffer‘’s ba 
grip” may be considered an open one, the pathogenicity 


influenza or 
this organism is strikingly demonstrated by its occasional occurrence 
pure growth in the meningeal exudate i men 

case, illustrating the fact that this org: 1 mes 

nathogenk and presenting certain 


’ } 
ceserpbed 


ca 

teed, is as follows: 

Patient.—Male child, one of twin brothers. each weighing 7 yunds, born Oct 

1908 The mother had borne nine children and was in pertect health befor« 
the present delivery, which was normal and at full term. Other members of the 
family were also well. The baby was put to the breast eleven hours afte birt! 
fed every three hours and did well until the morning of O 
bowel movements were green and contained mucus and curds 
child moaned constantly and on the 10th refused to nurse at 6 
and drowsy during the day. On the llth a “sinking spell” 
ing and the patient became cold and cyanotic 

Examination At this time a physi il examinatior 


Churchill and Reed. The development and nutrition were 


Che baby was quiet and relaxed but appeared drowsy The re 
] 


tion of the head, chest, abdomen and limbs was negative 


ent and no signs suggesting meningeal irritation appeared 
October 12 the “sinking spells” continued and 

il twitchings occurred, but no actual convulsions. They continued 
lav. together with the marked evanosis and comatose conditior Ds 
it 5 p. m. on the ninth day after birth and on the fourth day of 
The temperature from October 9 to October 12 ranged between 101.8 

The twin brother was althy at birth and continued so until 
when he began to have numerous bowel movements 
continuous temperature At noon, Octo 
for seventeen hours. His condition gre 
October 15, seven davs after the onset uTOpsy 

iutopsy In the first ‘ ystn examinati 
hours after death 

Following is the anatomic diagnosis cute catarrhal 
purulent lepto-meningitis; acute parenchymatous, degeneration 


Lia _ : 
and kidneys ve ng spieen, muitiplie ecchvine 


thymus 


*] 
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The body was very cyanotic and postmortem rigidity was not present. In the 
abdominal cavity a few drops of yellow fluid occurred but the peritoneal sur- 
faces were smooth and glistening. No evidence of omphalitis. In the pericardium 
there were about 2 c.c. of clear fluid and the pleural cavities were free. On the 
surface of the thymus a few small ecchymoses, pin-head in size, occurred, and 
similar hemorrhages were found on the pleural surfaces. The lungs and bronchi 
were normal. The mucosa of the stomach and intestine was red throughout and 
in the ileum and large bowel were small hemorrhagic spots, pin-head in size. The 
myocardium, liver and kidneys showed acute degeneration; the adrenals, pancreas, 
gall bladder, urinary bladder and genital organs presented no noteworthy changes. 
The mesenteric lymph glands were soft and slightly enlarged. 

Over the entire convex surface of the brain were well-defined areas of greenish- 
yellow, friable, purulent exudate, irregular in shape and from one to several 
sq. em. in size and 1 to 5 mm. thick. Between these areas the |meninges ap- 
peared smooth and transparent. At the base, especially in the region of the optic 
chiasm and the pons and along the larger blood vessels the deposit was more 
abundant and diffuse and from 1 to 5 mm. in thickness. The blood vessels every- 
where were engorged and usually, especially at the base, surrounded by the 
abundant exudate. The ventricles were not dilated and the fluid was clear. In 
the spinal canal a large amount of turbid purulent exudate occurred about the 
cord. No pathological changes were present in the nasal sinuses or in the 
tympanic cavities. 

Bacteriological Examination.—Meningeal Exudate: Inside and outside the 
polynuclear cells were enormous numbers of small Gram-negative polar staining 
bacilli. Some of the cells were packed with these bacilli, but none were found in 
the mononuclear or endothelial cells. Cultures on blood agar plates gave, in 
twenty-four hours, an abundant growth of small dewdrop-like colonies in every 
way characteristic of Bacillus influenza. One other colony, a staphylococcus and 
evidently a contamination, appeared on one of the plates, and about this .was 
observed a cluster of larger influenza colonies indicating the symbiotic property 
characteristic of this organism. In the fluid obtained from the spinal canal the 
bacilli were likewise found in pure growth and in very large numbers. 

Heart’s Blood: In the heart’s blood were found on culture a few colon bacilli. 
Repeated attempts to isolate influenza bacilli on pigeon blood agar failed. The 
pericardial fluid was sterile. 

Peritoneal Fluid: In smears a few polymorphonuclear cells, many small mono- 
nuclear cells and a few Gram-negative polar staining small bacilli were found. 
Cultures on blood agar plates gave numerous typical influenza colonies. Three 
or four colonies of colon bacilli appeared on the plate also, and about them oe- 
curred the characteristic cluster of larger influenza colonies. 


To summarize, in the meningeal exudate about the brain and spina! 
cord and in the peritoneal fluid were found influenza bacilli in large 
numbers and in pure growth. The few colon bacilli in the peritoneal 
tluid and heart’s blood and the staphylococcus colony in the culture from 
the meningeal exudate were undoubtedly contaminations and may be dis- 
regarded. 

Morphologically and culturally the bacilli isolated from this case cor- 
responds to the typical influenza bacillus isolated from other sources. 
On media other than hemoglobin media no growth takes place and on 
pigeon-blood agar it grows profusely. The tendency to form threads. 
while evident, is not marked. Polar staining with methylene blue is dis- 
tinct and dilute carbolfuchsin stains the bacillus uniformly. 
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Pathogenicity: A few drops of exudate obtained from the base of the brain 
were injected into the peritoneal cavity of a guinea-pig with no results \ 


second guinea-pig inoculated intraperitoneally with growth from two blood-agat 


slants died in thirty-six hours. Examination showed a purulent peritonitis and 
right salpingitis. In the peritoneal pus were many leucocytes and bacilli, some 
of the latter being intracellular and in cultures numerous influenza colonies ap 
peared with a few colonies of B. coli. Pure growths of B. influenz@ were ob 
tained from the heart’s blood, pericardial fluid, both pleural fluids and the right 
Fallopian tube 

Two guinea-pigs, inoculated subdurally with a few drops of a dense suspen 
sion of the bacilli, died within twenty-four hours. The meninges in one wer: 
bloody but an exudate did not appear. The bacilli were recovered from the sur 
face of the cortex and from the base of the brain, but from no other part of the 
body. In the second animal the meninges were congested but no exudate was 
evident. Bacilli were found in the meningeal fluid as in the first animal, but not 
in other parts of the body. Three guinea-pigs, inoculated with this organism 
behind the eyeball into the orbit, developed no symptoms other than a slight 
conjunctivitis. One of the animals, killed five days later, showed no evidence of 
meningitis or other lesions. 

Microscopic Examination of Exudates and Tissue.—Cerebrospinal flugd In 
the turbid fluid obtained at the base of the brain approximately 80 per cent. of 
the cells are polymorphonuclear leucocytes and the remainder mononuclear cells 
The latter vary in size, many of them having large faintly staining nuclei with 
abundant protoplasm. Others are typical small mononuclear cells and are not 
numerous. 

Meninges: Pieces of tissue including the meningeal exudate and the under 
lving cortex were removed from the region of the Sylvian fissure, the temporal 
lobe and the cerebellum, for microscopic examination. The exudate, especially 
about the blood vessels, is abundant and composed chiefly of polymorphonuclear 
ind mononuclear cells. The relative proportion of these cells varies in different 
regions. Near the surface of the exudate the polynuclears may comprise 80 per 
cent. or more, while nearer the cortex the mononuclear cells increase in number 
Here and there are large endothelial cells, which frequently show phagocytosis 
of from one to several polynuclear and mononuclear cells. About the blood ves 
sels the exudate is intense, but no changes are observed in the intima or media 
the arteries. Thrombi occur in some of the small veins and the thin walls 
places are infiltrated with leucocytes Some free blood is found here and there 
in the exudate outside the vessels. Very little fibrin is apparent in the formalin 
fixed tissue. The cortex shows little change. Occasionally near the surface a 
polymorphonuclear cell or plasma cell is seen, but deeper no cellular infiltration 
appears. Changes in the blood vessels and hemorrhages are not present 

Peritoneal Fluid: This is slightly turbid and in suspension are a number of 
leucocytes, 80 per cent. of which are small mononuclear, and 20 per cent. poly- 
morphonuclear eells. The bacilli are chiefly outside the leucocytes 

Intestines: Sections were made of the intestinal wall at different points. In 
one section the glands of the mucosa show some disintegration and between 
them are found a few polymorphonuclear cells and eosinophiles. The muscularis 
is normal and the blood vessels in the subserosa and in the mucosa are engorged 
In other sections some congestion and cellular infiltration occur but no changes 
appear in the serosa 


The myocardium, lungs, kidneys, thymus, spleen, adrenals and lymph 


present no noteworthy changes Sections of the liver show congestion of the 


small blood vessels and slight infiltration of round cells and leucocytes about some 


of the bile ducts 
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GENERAL CONSIDERATIONS 


It is unnecessary to review the literature on influenzal meningitis at 


this time since this has been thoroughly done recently by others. Adams, 
cases and found 21 in which the influenza bacillus 


n 1907, tabulated the 
Cohoe? this 


was isolated from the meningeal exudate in pure culture. 


vear finds, including his own, 24 cases and gives an analysis of the 
important features. In addition a considerable number of cases are 
in which a mixed infection of influenza bacilli 


reported in the literature 1 
In such cases it is 


with, as a rule, Gram positive diplococe! occurred. 


impossible to say how important the influenza bacilli were in causing the 


lesion. It should | ated, however, that in some of these cases the 
mixed infe at autopsy and, as is well known, terminal 
iniection or postmo ! nvasion with coccus forms is not uncommon, 
whereas such nfluenza bacilli is most unusual. It is, there- 
most of these cases were 


lore, not in 


infections. 

peen ovserve estabdlis the 
infants and young chil- 
ren and is cases reported 
ie literature he youngest 
afflicted was patient whos 

record, 

D1 acqu 


time 
previous! 
\ccordi 
eal trouble, ) he chief clinical finding noted. 
} 


examination confirmed tl 


was little evidence 


as norma 
nvolvement ild peritonitis, 
nized macroscopically, and influen; ill pure growth in 
toneal cavit The arises » as to the possibility 
ntestinal lesions being mary and the involvement of the peritoneum 
ind meninges secondar Cultures of the intestinal contents unfortu- 
nately were not made in this case, and, since little or nothing is known 
influenza bacilli in the intestinal canal, definite 


about the occurren 
be made. In the literature the primary 


statements can not at present 
foci are variously given, the lungs, bronchi, middle ear and nasal cavi- 
ties being the sources chiefly suspected. Some of the cases are regarded 
1 before or fol- 


as generalized infections, since multiple abscesses occurrec 
1. Adams Arch. Pediat., 1907, xxiv, 721. 
», Cohoe Am. Jour. Med. Se., 1909, exxxvii, 74 
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lowing the meningeal involvement (Slawyk, Dudgeon, Adams). In a 
few no statements are made about the primary focus or, as in the present 
case, the portals of entry usually suspected are entirely normal. A 
common symptom in these cases, however, is diarrhea, and in a considera 
ble number a well-marked enteritis has been found at autopsy. The intes- 
tinal tract apparently has thus far not been suspected as an atrium by 
any of the writers, notwithstanding the common occurrence of lesions at 
this point; and, while such an origin may be uncommon, cases like the 


one here reported lead one to suspect strongly such a possibility. There 


are no data at hand which will enable one to decide this question defi 
nitely. but in the absence of other lesions. especially of the respiratory 
tract, nasal cavities, middle ear, etc., the intestinal origin seems ver 
probabl 

In few of the cases have extensive bacteriologic studies been mad 
Slawyvk*® obtained the baci from the blood, from abscesses, meningea 
exudate and lungs: others have obtained the bac from the spleen. In 
none Olt the cases have the baci peen recovered trom the peritoneal Cay 
ty, and peritonitis is not mentioned as a complication in ar nstan 
Fisch and Hill* report a case of purulent peritonitis from the exudat 
of which the influenza bacillus was isolated in pure culture, but meningea 
symptoms did not exist. In the present case it is possible that the pres 


ence of the influenza bacilli and the slight exudate in the peritoneum 


resulted from an influenzal bacteriemia, for it is probable that this oc- 
curred, notwithstanding the absence of the ba 1 in the heart’s blood 
after death. Certainly the peritoneal involvement is much more rece! 


; 


than the meningitis and it may be s mply a tern nal affa 


The general appearance of the brain and meningeal exudate answers 
very well to the description of influenzal meningitis given bv othe 
writers. I may refer particularly to the excellent colored plat us- 


trating Fraenkel’s paper on this subject,” which bears a close resen 
blance to the picture in this present case. \ striking feature is t 
greenish-yellow, highly purulent, friable exudate, and, as has been point 


, Ghon and others, the small amount, or total absence of 


out by Fraenkel 


fibrin as shown microscopically by special fibrin stains. In the formalin 


fixed tissue of this case the exudate appears to contain very little fibri: 


and is made up almost entirely of cells, chiefly of the polymorpho- 
nuclear variety. In certain places large endothelial cells also are found 
3. Slawyk Ztschr. f. Hyg. u. Infectionkr., 1899, xxxii, 443 
4. Fisch and Hill: St. Louis Med. Review, 1903, xlviii, 19 and 55 


5. Fraenkel: Ztschr. f. Hyg. u. Infectionkr., 1898, xxvii, 315 
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ingesting other cells. A feature distinguishing this form from oth¢ 

forms is the very large number of bacilli in the exudate, both inside and 
outside the polymorphonuclear cells. In meningococcus meningitis the 
organisms are never so numerous. In pneumococcus and streptococcus 
infections the organisms may occasionally be as numerous, but phagocy- 
tosis is either very slight or entirely absent. 

Changes in the underlying brain substance are limited to a very 
slight infiltration of leucocytes and plasma cells immediately beneath 
the pia, while deeper in the tissue and along the blood vessels little or no 
change occurs. This agrees with the findings of others in such cases. 

Ghon and Fraenkel state that it is not possible to distinguish influ- 
enzal meningitis from that produced by the meningococcus or pneumo- 
coccus, except by bacteriologic means. This is undoubtedly true in many 
cases. The descriptions of influenzal meningitis given in the literature, 
however, indicate that the exudate as a rule is highly purulent and more 
copious and wide-spread than that commonly observed in other forms. 
Cellular differentiation of the exudate will not aid, and clinically there is 
surely no reliable means. It may be stated that a highly purulent, mas- 
sive, meningeal exudate, occurring in an infant or young child, is sug- 
gestive of this form, and the influenza bacilli should be sought for by 
proper methods on hemoglobin media. In fact, blood media should be 
used as a routine in the examination of all meningeal and spinal fluids. 

A study of the n orphological] and biological] properties of the influ- 
enza bacilli isolated in this case reveals no essential differences from 
those of the bacilli so commonly found in the sputa in various infectious 
diseases. The property of symbiosis is well marked; the small colonies 
present the typical dewdrop appearance, and are not hemolytic and grow 
only on hemoglobin media, with a preference for pigeon blood agar. The 


bacilli show only a slight tendency to form threads; are Gram-negative 


and distinctly bipolar when stained ; very susceptible to phagocytosis ; and 


show some pathogenic power for guinea-pigs. They agree in every detai! 
with a bacillus received from Dr. Wilkinson of Washington, D. C., and 
recovered from the spinal fluid of a non-fatal case of meningitis occur- 
ring in a child during convalescence from whooping-cough. 

The occurrence of a similar condition in the twin brother beginning 
on the same day, running an almost identical course clinically, and ter- 
minating fatally three days after the death of the other child, is worthy 
of note. Unfortunately an autopsy was not made in this case, but the 
facts strongly suggest a similar infection of common origin in the two 


eases. As already stated, the mother had previously been well and no 
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members of the fan were afflicted with “colds” or ot 


Hence the ul f the infection in these cases remains obs 
SUMMARY 


Twin brothers became ill on the fifth day 
an identical clinical course and terminated 
eleventh days respectively after birth. 
There was little or no distinct clinical evidence of meni 
ment. 
Autopsy on the first child revealed as the prominent 
purulent leptomeningitis and acute enteritis. 
From the meningeal exudate and from the peritoneal fluid pure « 


tures of B. influenz@ were obtained. 


The usual atria of infection—nasal cavity, tympanic cavities, lungs, 


bronchi and throat—were normal. Omphalitis was not present. Tix 


intestinal tract is a suspicious portal of entry. 

839 Lakeside Place. 

6. Since this article was written Cohen (Ann. de Il'Inst. Past., 1909, xxiii, 
273) has reported three cases of meningitis in infants caused by an organism be 


longing to the influenza group. Morphologically and culturally it is identical 
with Pfeiffer’s bacillus but by conglutination tests and reactivation experiments 
specific differences appear. Cohen believes that this organism is the same as 
that isolated by others from cases of meningitis and called B. influenze and that 
the confusion has arisen because the two organisms can be differentiated only by 


specific serum reactions. He calls the infection septicemic cerebrospinal 


men 


t and in inoculate 11 


ingitis because a septicemia occurs in the human subjec 


mals. 





THE CLINICAL SIGNIFICANCE OF THE URINARY NITROGEN 
NITROGENOUS METABOLISM IN TYPHOID FEVER 
JAMES EWING anp C. G. L. WOLF 
NEW YORK 

The nitrogenous metabolism of typhoid fever has rarely been the sub- 
ject of systematic study. It has iong been known that this disease, rathet 
more than other continued fevers, is marked by a very high urinary nitro 
gen excretion, but the partition of this nitrogen and the bearing of varia 
tions in the forms of nitrogenous compounds excreted in the urine on 
the pathology of the disease has received very scant attention. The reason 
for this paucity of effort lies, not in any supposed lack of importance 
in the subject, but in the fact that until recently there have been no sat- 
isfactory methods for the estimation of the different forms of urinary 
nitrogen, and no normal standards of comparison. Since both of these 
deficiencies have recently been met and partly removed there would seem 
to be opportunity for obtaining more significant results than have vet 
been secured in this field. 

The total nitrogen excretion in urine and feces in typhoid fever has 
recently been studied in detail by Benedict and Suranyi.* The fecal 
excretion they found comparatively small, forming about 10 per cent. 
of the total nitrogen eliminated. During the active febrile period and 
sometimes continuing into convalescence there is a pronounced loss of 
nitrogen, excretion exceeding ingestion by as much as 10 grams daily. 
the loss diminishing as the fever subsides. Since they were able to limit 
this loss to some extent by supplying nitrogen-free diet, they argue at 
length that the excessive nitrogen elimination of typhoid fever is not 
evidence of toxic destruction of cell proteins but a result of simple hyper 


¢ 


activity of metabolic functions. Thev do not diseuss the character of the 


nitrogen partition of the disease, although this consideration would seem 


to have an important place in the above argument 
Von Jaksch and his assistant Erben? have furnished the onlv sys 
ame time verv meager, data on the partition of the 
7 7 7 


urinary nitrogen in typhoid fever. Von Jaksch’s first reports? he ha 


* This article he thir f a series relating to the same general subject 
References to the former articles are 1. The clinical significance of the urinary 
nitrogen, Am. Jour. Med. Se., 1906, exxxi, 751. 2. The metabolism in the toxemia 
of pregnancy, Am. Jour. Obst., 1907, lv, 289 

1. Benedict and Suranvi: Ztsechr. klin. Med., 1903, xlviii, 290 

2. Erban Ztschr. f. Heilk.. Med. Abt., 1904, new series, v, 3: 

3. Von Jaksch Ztschr. f. klin. Med., 1902, xlvii, 1 
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to recall on account of deficiencies in th metlnods employed, ly 
second paper* he records single complete observations on four febrile 


cases, each Ol which showed some increase ol amico-acid nitrogen 


Erben in 1905 followed one mild case with s« venteen examinations 


over a period of thirty days. The highest daily excretion of this patient 





was 19.6 grams. } the height of the fever fell to 74 per cent 
of the total nitrogen, but soon rose to 80 per cent. plus. The courses of 
0th the ammonia and the rest nitrogen described curves with two apices 


one at the height of the fever, the other three or four days afte f 


vescence. ‘This first elevation Erben ascribed rather indefinitely to the 


febrile process, and the second rise in the rest nitrogen he ventured 
refer to resolution of the enlarged !ymph nodes. It is difficult to find 
grounds for this latter assumption, or ; irrant for such deductions 


from the observation of a single case. 
The present study was undertaken in 1905 as a control for the inte 


pretation of results obtained by us in the investigation of the urinam 


nitrogen in the toxemia of pregnancy. It was also suggested by an 
, 


impression which one of us has gathered from many sources that typhoi 


fever, especially in the later stages of severe and fatal cases, is lara 


an autointoxication. It was thought that the study of the nitrogenous 
metabolism might indicate to some degree the validity of this conception. 
That the character of the nitrogen partition might throw light o1 


nature of some clinical peculiarities of the disease, might control and 


supplement the present methods of estimating ihe condition of the pa 
tient and determining the diet, might influence the prognosis. or sug 


gest a basis of relapses in the disease, seemed to fall among legitimate 
expectations. The prolonged toxemia of tvpho fever commended its 


as a favorable field for observations on some of the less known nitrog- 


| 


enous substances of the urine, such as kreatinin, kreatin, and the rest 


nitrogen. Although the results presented are incomplete, especial] n 
respect to fatal cases of the disease, they are not without interest an 
may have value in several of the relations mentioned 

The study was pursued also in the hope of establishing some corre 
tion between changes in the urinary nitrogen and histological alterations 


in the liver. 


/ 
J 
‘ 
/ 


The fragmenta 





wavy in 1905, when a few observations in severe and fatal cases were 


ured through the cooperation «* Dr. L. A. Conner. For the mor 


complete obse rvations in Cases 1x, 13, ar d 14 we are inde 
olleague, Dr. Philip Shaffer, who carried out the analvses in 1 ! 
mer of 1906. In 1907 we were able to observe several] ses in Rel] 
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Hospital through the courtesy of Dr. Alexander Lambert. Our expecta- 
tions of securing complete observations in severe cases during the sum- 
mer of 1908 were partly disappointed, as the disease in New York during 
that period proved unusually mild and comparatively rare. Yet three 
severe cases were observed in New York Hospital through the active in- 
terest of Dr. L. A. Conner. 

We found it extremely difficult to obtain satisfactory collections of the 
twenty-four hour urine from stuporous and incontinent typhoid patients. 
which were the conditions which it was most desired to observe. In 
females especially these difficalties proved almost insurmountable, so that 
we would not again attempt such a study in women very sick with ty 


phoid fever. The technical methods employed in this work were thos« 


described in our first contribution on the subject of the “Clinical Sig 
nificance of the Urinary Nitrogen,”* and since the general significance 


of the urinary nitrogenous substances and their normal 


variations wer 
discussed at some length in that article these topics will not be further 
considered at this time. It is, however, necessary to point out that a 
comparison of normal standards in healthy subjects with the metabolism 
of febrile conditions must be undertaken with caution. For example, we 
question whether the observations on the influence of starvation in 


healthv subjects can safe be transferred to febrile conditions. 


ANALYSES OF RESULTS 


In the analysis of the results the chief interest concerns the relation 


of the urinary nitrogen and its partition to the clinical symptoms. 


TOTAL NITROGEN 


The records show a total urinary nitrogen excretion réaching 35.65 
gm. in an adult weighing 155 pounds, and 29.07 gm. in another patient 
weighing 148 pounds, but averaging considerably below 20 gm. during 
febrile periods in all the cases. With the restricted diet of these patients 
this large excretion of nitrogen must signifv consumption of tissue pro 


tein and marked loss of nitrogen on balance. As the diet was uniform 


low in nitrogen. consisting of 4 to 6 ounces milk every three hours, 01 
of similar amounts of meat broth. this factor probablv does not dis- 
tinctly influence the total nitrogen. Some considerable variations may b« 
attributable to the activity of the kidneys. There was a general relation 
between the we cht of the patient and the total nitrogen excreted. Est 


: 
t the more severe the T 


mated according to the weight of the patien 


phoidal process, as judged by the temperature and general condition, 


>» Ewing and Wolf An Tour. Med. S« 1906, exxxi, 751 
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stages of the disease, there were two important exceptions 


In two cases (19 and 20) toward 


total nitrogen was 


} Y 


1 ¢..} 
lie the lebriie process 


leal with very unusual condi 


tion, anemia, and a very low 
assume that the energ 
e system has been extensivel 
ontinue without the extensiv 

In several cases (13, 
nitrogen was observed extending 


these cases this increase 


bly increased at this 
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7 
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e diet was noted. 


(17) no postfebrile increase occu 


this increase, when 


las s lecested, to resorption 


process in the disease. 
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cent. when 12 to 20 gm. of nitrogen are being excreted, while in som 
cases of recovery it was found below 70 per cent.. and even as low as 60 
per cent. <A ratio below 70 per cent. during febrile stages usually indi 
cated a grave condition. ‘The highest ratio, 88.1 per cent., was ob 
served on the twenty-first day of a severe case (14), in which there was 
a rapid recovery. A review of our results seems to show that a persist- 
ently high urea ratio is a favorable sign, yet two fatal cases on first ex 
amination gave over 80 per cent. urea nitrogen. Sharp increases in this 
ratio are very favorable signs (Cases 2 and 19), while in two cases 
(8 and 9) sharp decreases, 82 to 67 per cent. and 80 to 60 per cent., in 
four days, were shortly followed by the death of the patient. In some 
cases (14, 19, and 22) the urea ratio seemed to be a better index of 
the patient’s condition than were the temperature, pulse, or signs of 


intoxication. 


1 convalescence the urea was constantly 


In several cases with rapi 
ibove 80 per cent., while in two cases with relapses (15 and 17) and in 
three (16, 19, and 20). with slow convalescence, the urea ratio tended 
fo remain below 80 per cent. 

] 


Our experience leads us, therefore, to place considerable value on the 


ratio of urea nitrogen in following the course of typhoid fever, since 


en serves as control on other clinical indications, and 


Z 


may be relied on to a considerable extent to reveal the general type of 


the disease. ‘The observations on the urea ratio in typhoid fever also 
seem to lend some support to the view that lesions of the liver established 
in the course of diseases attended with disturbances of nitrogenous 
metabolism may have considerable influence on the character of this 
metabolism. Although we were disappointed in not securing extended 
observations on fatal cases and no autopsies were obtained we are dis- 
posed to assume that the severe degeneration and focal necroses which ar 
nearly constant in the liver of fatal typhoid fever were connected with 
the sudden decline in the urea-forming function in Cases 8 and 9. 
During a febrile convalescence somewhat different interpretations of 
changes in the urea nitrogen ratio seem to be required from those apply- 
ing to the febrile period. Starvation acidosis or abrupt addition of meat 


to the diet appeared to be responsible for low urea ratios in Cases 19 


AMMONIA NITROGEN 
In one fatal case (9) the ammonia ratio reached 8.9 per cent. (2.09 
vm.). In one case (15), preceding a relapse, it failed to reach the low 


level commonly observed. In two verv severe cases (19 and 20) during 


nvalescence ammonia nitrogen ratios of 10 per cent. and 14.5 per cent. 
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seemed reterable to slight starvation acidosis. At all other times tl 
ammonia ratio was not distinctiy above hormal, and Oiten it Was unl 
formly low. ‘The present observations, therefore, do not indicate that 
acidosis 1s a prominent feature of typhoid fever. Even the highest fig 
ures Observed indicate ony moderate grades of acidosis, espe lally 10! 
patients on a restricted milk diet. With a sharp onset of typhoid fever 
one would expect to find considerable acidosis and excess of ammonia 


from deficiency of food, but none of our cases was observed a 


of the disease. Since acidosis arises from the incomplete burning of fats 
n the absence of carbohydrates, the relative lack of acidosis in typhoid 
fever may arise from a pronounced tendency toward the consumption of 
proteins rather than fats. There are many ndications, however, tha 
during fever the complete combustion of fats may be effected without 
the presence of recently ingested carbohydrates. Or the carbohydrate 
radicles of the proteins may be sufficiently available for the complete con 

bustion of fats. In any case, patients suffering from typhoid fever and 


on practically a starvation diet are comparatively free from acidosis 
Many have insisted that the total ammonia excretion rather than ts 
ratio to the total urinary nitrogen should be taken as the index o 
acidosis. In many conditions in which the total nitrogen is not high 
this rule is clearly applicable. Yet ammonia possibly has other func- 
tions besides that of neutralizing acids, and with every increase in total 
nitrogen there is normally an increase in absolute ammonia nitroget 
In typhoid fever with a daily excretion of 15 to 25 gm. nitrogen one eat 
attribute no pathological significance to a moderate excess over the total 
ammonia excretion of health which has been established bv Folin at 
about 6.7 gm. In tvphoid fever the total ammonia does not usually muc! 
exceed this figure. Increased acetone has been found by von Jaksch. and 
beta-oxybutyric acid by von Noorden. The acetone bodies were not esti 


mated in t} e present cases 


KREATININ 


The observations on the excretion of kreatinin and kreatin in tvpho 


fever seem to have important bearing not only on the metabolism of this 


disease but on the general physiological significance of these substances 


It has been pointed out by Fo 


lin® that the chief factor determining the 


elimination of kreatinin is the weight of the person, and he has furth 


defined this factor as the mass of active protoplasmic tissues. Shaffer? 
has shown that the hourly excretion of kreatinin is remarkably uniform 
6. Folin, O.: Am. Jour. Physiol., 1905, viii, 85 
7. Shaffer. P.: Proc. Am. Soc. Biol. Chem., 1907, i, 22 Am. Jour. Physiol.. 
1908, xxii, 445 Am. Jour. Physiol., 1908, xxiii, 1 
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Lnat it Is unatiected y great changes in the amount of protein ingested, 
Vv diuresis, or DY active exercise. ‘There is, therefore, a somewhat fixed 


relation between the k 


eatinin excreted and the body weight of the sub 


ject, which Shaffer « ypresses as the “kreatinin coeffi ent,” indicating the 


milligrams of kreatinin nitrogen per kilo of body weight. This coeffi- 


cient he finds to vary in healthy subjects between 11.7 and 5.4, averag 


8.4. Very similar coefficients, 8.2 to 7, have been established for dogs 
vy Wolf and Osterberg.* 

olin suggested that eatinin excretion is an index of total endog- 
cnous or tissue katabolism, but from studies in various pathological! 


conditions, especially in Graves’ disease, Shaffer would limit the sources 


ot urinar creatinin ¢ efiy to the muscles and would inte rpret the krea 


tinin coefficient as the expression of muscular and perhaps general cell- 


ular efficiency. Similar conclusions were reached by Spriggs,® who 
1) ; 


ound low coeflicients in cases of muscular dystrophy, amvotonia con 
genita, and myasthenia gravis. This view is also strongly supported by 


the observations of Amberg and Morrill,’° who found very low krea 


I 


tinin coefficients in new-born infants whose muscles are imperfectly 

eveloped. A relatively high excretion observed in some fevers Shaffer 
ascribes to pathological increase in the kreatinin-forming process, coinci- 
dent with the destruction of body proteins and due to high temperature 


or the action of bacterial toxins. 

On the other hand, Mellanby,"* from an extensive study of the forma- 
tion and excretion of kreatinin and kreatin, introduces an entirely new 
point of view in concluding that kreatinin is formed in the liver and is 
n part converted into kreatin and thus stored in the muscles until the 
amount of kreatin in the muscles reaches the saturation point, after 
which the excess of kreatinin continually formed in the liver is excreted 
n the urine. In cases of hepatic cirrhosis and cancer he found low 


kreatinin excretion, n general he is inclined to regard kreatinin 


excretion as an index of hepatic efficiency. 


In the present cases the records show that kreatinin excretion is 


increased during the active periods of typhoid fever and diminishes dur 
ing convalescence. The total quantity bears a distinct relation to tl 
patient’s weight and muscular development. ‘ithe highest amount ob 


served, 1.06 em. (K. C. 15.9), was on the twenty-first dav of a sever 


febrile case (14) in a muscular subject, and the lowest amount seen in 


8. Wolf and Osterberg Riochem. Ztschr.. 1907, v, 304 
9. Spriggs Quart. Jour. Med., 1907, 1, 63 
10. Amberg and Morrill Jour. Biol. Chem., 1907, iii, 311 


ll. Mellanby Jour. Physiol., 1908, xxxvi. 447 
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an uncomplicated case, 0.16 gm. (K. C., 5.7), occurred in a ng 
(16) during convalescence. In general it may be said that in adults suf 
fering from tvphoid fever a kreatinin excretion of over 0.5 gm. belongs 
to 1 febrile period, while during convalescence the kreatinin nitrogen 
| usually falls below 0.5 om. In one case (20), that of a voung gn 
. greatly emaciated and very anemic, it fell to 0.13 om. (Ik. C.. 5.6) on t 
wrty-third day in convalescence. 
There is thus distinct evidence of a pathological increase in krea- 
tinin excretion belonging to the typhoid proce Phe ehest quan 
ties and the highest coefficients appear in the severe stages SPA SE 
while the solute amounts diminish with convalescence and some ver 
w coefficients appear in emaciated and very weak subjects (Cases ) 
ind 20). 
These results do not enable one to decide bx tween the merits 
; ontending hypotheses regarding the significance of kreatin 
| 
(3 During fever all the processes normal nvolved in nitrogen 
metabolism seem t roceed in increased vé so that the er. \ ‘ 


ing to Spriggs, be preparing an excess of kreatinin which overflows fron 
the muscles to the urine: or, according to Shaffer, the increased muscle 


metabolism directly yields an excess of kreatinin. The peculiar museu 


ar weakness which marks the onset and course of typhoid fever ver 


probably resides chiefly in disturbed innervaticn, and the high kre 
nin excretion at such periods may properly be interpreted as of ft 

| significance. The very low kreatinin coefficients observed in some ver 
weak and emaciated subjects (as Cases 19 and 2¢), and the much high 


ents found in other patients who withstood the disease mor 
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Kreatin appeared in the urine nearly constant! n the active per s 
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nearly three times as abundant as the kreatinin nitrogen. Also in Casé 
20 the kreatin nitrogen several times exceeded the kreatinin nitrogen 
The kreatin was rather sensitive to slight disturbances of temperatur: 
during convalescence, persisting throughout the slow recovery of Patient 
16 and 20 and reappearing with a slight rise of temperature in Case 14 
Yet it disappeared before full defervescence in Case 17 and failed t 
reappear in a mild relapse in Case 15. Asa rule the kreatin nitrogen 


was low in the milder cases and its disappearance from the urine proved 
a favorabl 


These features are consistent with the view expressed by Shaffer, that 


e sign. 


kreatin is a product of the destruction of muscle protein. 


URIC ACID 
The uric acid nitrogen varied considerably from day to day, but 
always within limits that may be regarded as normal. It was highest 
(maximum 0.46 gm.) in the febrile periods and in general exhibited a 


declining tendency with the fever but failed to show any definite rela 
tion to the clinical features. A very low excretion may be noted in on 
case (15) over a period of four days, during which the temperature was 
103° F., while in Case 17 there was some indefinite indication of the 


posteritical increase reported by Gordes. 


REST NITROGEN 
Changes in the rest nitrogen presented some of the most significant 


features of the metabolism. Since a fall in urea nitrogen is usually 


coincident with a rise in rest nitrogen, most of these features have 


already been indicated in the discussion on urea. During severe febril 


periods of favorable cases the urea runs high and the rest nitrogen low. 
but in graver conditions the urea tends to fa 


ll below 70 per cent. and 
the rest nitrogen rises toward or above 20 per cent. In two fatal cases 


(8 and 9) extensive rises in the rest nitrogen to 6 per cent. and 
26.57 per cent. (6.24 gm.), with corresponding falls in urea, occurred 
shortly before death. In these fatal cases the urinary sediment con- 
tained crystals resembling leucin. We believe, therefore, that the high 


rest nitrogen of such cases signifies in some degree defective urea form 


ing function of the liver. 


Since the diet during the severe febrile stages of the disease was 


verv low and uniform an influence on the rest nitrogen from this source 


mav be excluded. During convalescence, however, striking variations in 


the rest nitrogen seemed clearly referable in several cases, notably in 


19 and 20, to the addition of meat to the diet. We interpret this result 
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the high t il o le Kreatinin, and the kKreatin would suggest 4 
at the patient was n na normal state of health. This patient’s tis- ; 
sues, however, were partly protected by the ingestion of considerable food 
nd he made a rapid and complete recovery. On the other hand, in 
ital cases the nitrogenous metabolism is badly deranged, with a shar} 
a n urea nitrogen and corresponding rise in rest nitrogen, showing 
at in these cases the fatal issue was marked by a collapse in the urea 
orming function o e organism Between these two extremes fall | 
many cases wil varyll grades metaboli disturbance and general ' 
with corresponding departure from the most favorable clinical course. 
These obs ns 1 the ntegrity ol the urea-ilormin function 1n 
vere typh ever may be interpreted as favoring the belief of Benedic! ’ 
nd Suranyi that the ssive nitrogen elimination of typhoid fever is fe 
not evidence o \ tion of cell proteins but a result of simpli 3 
hyperactiv 0 inctions. Yet these patients re often 
extremely ill; they present the clinical signs of intoxication, including : 
stupor, subsultus, and rapid emaciation; and, unless one chooses to call 5 
nothing toxic which is not abnormal] in type, the very activity of the 7 
nitrogenous metabolis n tvphoid fever must be included as a factor i 
n the morbid con ( SCaS¢ That s } erar I Ss I 
directly connected with the neutralization of typhoid endotoxins ma i 
readily be granted without lessening its importance as a source of morbid : 
nhenomena in the disease. Moreover, the excessive urea formation is : 
ssociated wit! g etion kreatin and kreatinin, whi ire «dis ; 
netly abnormal { : metabolism 
Since in the so ital toxie eases this hvypera¢ tv of the urea 
rming function is 1 maintained, one must conclude that death in 
these cases is partly referable to a loss of efficiency in these overacting 
7 ns. It : sion 1s correct 1t offers support to the view tha 
tai unco itt If S lara in auto-intoxication, in all 
e essentia irt ! it condi ne undersloot 
\ secom il interest in these data is the ferent sig 
nificance which seems to belong to the rest nitrogen in severe febril 
ives | e diseas itients t ng little or no protein food, fron 
that attaching to the rest nitrogen in convalescent cases when protein 
od is firs ‘ In the former condition a high rest nit: 
gen would seem to indicate that the 


and that the 
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adie properly to metabolize ingested allen amino-acids w! iss Out in 
the urine unchanged. Here the resulting high rest nitrogen is of much 
; less serious significance, although sometimes ! subj 
4 iisturbances 
f hese observations on the rrence est 1 gen In 
| periods of ty} d fever seem t s to support the view it the anator 
with the disturbance of metabolism. They also suggest caution in thi 
early addition of meat to th et of convalescent typho a 
In several cases, notably on the thirt cht lav in Case 16, t 
: simultaneous occurrence of increased rest nitroge) I 1, al 
: yuminuria was noted and often subjective symptoms re added, s 
; fever, acceleration of pulse, vomitins I nera scomfort 
4 necreased rest nitrogen in these cases we int ret as the result of def 
. e function of the liver and failure to change amino-acids into urea 
; \n excessive formation of indol, from intestinal putrefaction, ma 
. factor in the disturbance bv interfering th the nutrition of : 
( pregnant seem to explain the febris rnis, and may be of sig- 
nificance in the etiology of nephritis and in the relation of disturbances 
: ol the liver to Brig] ts disease Whether atta of this character have 
any relation to relapses in the disease has not been demonstrated in 
these data t would seem not improbabl S inces in meta 
olism may have important influence in this direction 
Finally, the most obvious conclusion of this st s the 11 equal 
f the diet used in these cases and of that gen emploved in tvpho 
ever. When a patient is losing 20 to 30 om. of nitroge1 n ba 
t can not be said that any s Ss ell ittained in combatir 


REPORTS OF CASES 


CASE 14 Patient Muscular negro, aged 26, normal weight ibout 165 or 


170 pounds imitted to Bellevue Hospital March 19, 1907, service of Dr. Alex 


ander Lambert He had lost considerable fl 


twenty-second day weighed 148 pounds: on the thirty-second d 





the thirty-eighth day, 148 pounds ] ion on ¢ 
cave 5.600 leucoevtes. 50 per cent. poly 1] react 
ture positive The patient presented t 

disease. He emaciated rapidly and the condition was s 
ilthough the temperature was not hig ures coir 
nitrogen output The nitrogen partition, however, was norn 


being one of the highest observed in this series of cases. and t 
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plications The case suggests a dependence of the toxic condition on the excessive 
protein destruction, and raises the question whether these toxic features might 
not have been reduced if the protein destruction could have been prevented. 
Diet.—On the ninth and tenth days the patient received 2.8 gm. N, 75 calories, 
in the form of chicken broth and gelatin, and excreted 23.5 and 28.7 gm. N, a 
total loss of 46.6 gm. in the two days. On the following five days he received 2.9 
gm. N, 171 calories, and excreted 29 to 21 gm. N. On the twenty-eighth day the 
diet was raised to 311 calories with 3.9 gm, N Thereafter there was a steady 


79 


fall in nitrogen excretion, except on the thirty-third day, when 27.2 gm. were 








rABLE 1 | VARY ANALYSES, CASES 1 11° 
‘ = x : 
7 : Z z = 
= ~ = | General Condition 
° = = a & 
l 21 1100 16.72 64.2 o-” 15.21 104.2 
22 740 11.94 77 2.8 13.1 + 101 Brighter 
S 26 865 15.78 73.4 $54 18.82 0 102.5 Restless 
30 1210 17.67 85.5 1.89 9.43 oO 103.5 Comfortable 
26 1135 7.12 78.9 4.1 11.6 a 99 Comfortable 
28 1200 6.6 78.7 7.7 8.9 99.2 
{ 7 160 78.0 1.63 15.7 } 108.5 Acute nephritis 
5 4 525 75.7 2.21 20.6 102.5 Died 25th day 
6 16 365 66.4 6.68 22.9 102 Serious 
7 14 980 12.20 69.5 1.96 9.85 104 Delirious 
16 1100 1 66.8 2.17 11.3 104 Delirious 
‘ 3 TH0 7.80 81.9 3.4 9.69 100 Delirious Incont 
nent 
IT 20 67.0 6.12 23.76 $ 100.5 Died 41st day 
9 oR 760 18.4 80.18% 7.91 7.82 105 Incontinent Dull 
30 330 23.5 60.27 8.9 26.57 105 Stupor, Died 32d day 
10 35 900 19.2 74.9 5.81 13.4 104 Fair 
$1 noo) «10.2 7 6.47 13.5 103.5 Fa 
11 10 1400 15.7 7 41 14.12 104.5 Fa 
20 60 sO.8 3.45 14.9 105.5 Relapse 
* In these ’ t t N was determined directly by the Pfaundler method 
eliminated. The heat value and nitrogen content of the food were also raised on 


the thirtv-third dav to 5.5 eam. N and 798 ealories: on the thirty-fifth day to 6.8 


rm. N and 1.360 ealories: on the thirty-seventh day to 9.0 gm. N and 1.845 


calories 

CASE 15 Patient Man. aged 26. admitted to Bellevue Hospital, March 24 
1907. service of Dr Alexander Lambert: weight. eighteenth day »*% pounds: 
thirtv-second dav. 109 pounds: thirtv-seventh day, 115 pounds; forty-third day, 
119 pounds. On the twentieth to twenty-third days the | itient was dull by day, 
restless at night. and complained of abdominal pain, diarrhea, epistaxis, anore xia; 


from the twentv-fourth dav comfortable tlood examination gave 9.500 leucocytes, 
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348 VITROGENOUS METABOLISM IN TYPHOID 


the heat value to 456 calories. There was no marked change in the nitrogen con- 
tent of the urine On the twentieth day the patient received 7.06 gm. N and 
1,034 calories. The nitrogen output was still 11.78 gm. 

Case 16.—VPatient.—Male, aged 13, admitted to Bellevue Hospital, April 2, 
Lambert. During the seventeenth to twentieth 


1907, service of Dr. Alexander 
on the twenty-first day comfortable ; 


days of the disease the patient was restless; 
on the twenty-second day hungry. On the seventeenth day the blood gave a positive 
Widal reaction, and showed 5,000 leucocytes, of which 64 per cent. were poly- 
nuclear. The weight ran as follows: Seventeenth day, 67 pounds; thirtieth day, 
Ho pounds ; thirty ninth day, 62 pounds ; forty-second day, 60 pounds ; forty- 
fourth day, 64 pounds; fifty-third day, 70 pounds. 

This case is one of a mild typhoid fever in a young boy. On the thirty-sixth 
day of the disease there was a mild relapse lasting about one week. It was at 
tended by marked albuminuria and indicanuria. The total nitrogen rose slightly, 
the urea N fell from 88 per cent. to 59 per cent., kreatin reappeared, urie acid 
increased, and the rest N rose from 2.7 per cent. to 28.9 per cent. 

Diet.—From the seventeenth to twenty-sixth days the patient received chicken 
broth, crackers and jelly, containing 3.0 gm. N and 218 calories. During this 
period there was a daily loss of N of about 4 gm. From the twenty-seventh to 
thirty-seventh days he received 5.5 gm. N and 789 calories. The nitrogen excre- 
tion then varied between 6 and 10 om Toward the end of the observations he 
received 6.8 gm. N and about 1,774 calories, while the nitrogen output ran be- 
tween 5 and 7] gm Before leaving the hospital he was placed on soft diet, of 
which the nitrogen and caloric value were not determined. 

Case 17 Patient Man, aged 29; admitted to Bellevue Hospital April 3, 
1907, service of Dr. Alexander Lambert. Weight, eleventh day, 117 pounds; 
thirty-sixth day, 112 pounds. The patient was at no time very sick, complaining 
chiefly of headache and neuralgic pains. Blood examination on the eleventh day 
showed 6,800 leucocytes, Widal positive; culture positive. The chief point of 
interest is the slight change in the nitrogen metabolism and the mild symptoms. 
Nevertheless there was a mild relapse covering the forty-third to fifty-sixth days. 

Diet—From the twelfth to the twenty-third days of the disease the patient 
received a diet of crackers, jelly and chicken broth, containing 3.2 gm. N and 219 
calories From the twenty-third to thirtieth days rice was added, making 4.94 
gm. N and 640 calories. The output at this time was 10.8 to 14 gm. N, 

Case 18.—Patient.—Man, aged 29, weight 155 pounds, admitted to Bellevue 
Hospital April 8, 1907, service of Dr. Alexander Lambert. On the sixth day 
patient complained of severe headache, difficult urination, and took very little 
food. Definite improvement began on the eighth day. 

This case presents the termination of a rather severe attack of typhoid fever. 
The chief point of interest is the high total nitrogen of the sixth day, with nor- 
mal partition. In the third week sharp increases in the rest nitrogen were as- 
sociated with increasing albuminuria and high indicanuria. 

Diet.—From the sixth to eleventh days he received arrowroot jelly, rice, but- 
ter and chicken bioth, containing 2.8 gm, N and 1,671 calories, including 720 
calories in butter. On the seventh day he eliminated 33.6 gm. N, a net loss for 
that day of 30 gm., equal to 900 gm. of muscle tissue. During the rest of this 
period he excreted in the urine 16 to 20 gm. N daily. From the fourteenth to 
twenty-third days he was given hominy and chicken broth, containing 2.5 gm. N 
and 425 calories. The nitrogen output during this period fell to 8.6 gm. 

Case 19.—Patient—Woman, aged 35. Illness began acutely six days before 
admission to New York Hospital, service of Dr. Conner, Aug. 12, 1908. The pa- 
tient ran through a very severe attack of typhoid fever, the temperature reaching 
or above from the seventh to eighteenth day, declining abruptly on the 
During the febrile period there were constant delirium or 


104 F. 
twenty-first day. 
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stupor, frequent vomiting, rapid emaciation and incontinence of urine. Several 
blood cultures were negative. Widal positive. Lumbar punctures were several 
times performed on account of meningeal symptoms. 

On account of vomiting and stupor the patient received very little nourish 
ment, and toward the end of the febrile period was in a state of almost complete 
starvation, the stomach retaining nothing. After defervescence, delirium, vomit 
ing and incontinence continued and the patient remained in a very critical con 
dition. About the twenty-sixth day the temperature fell, there was some slight 
improvement in the pulse and mental condition, and incontinence ceased, but the 
patient still refused food or vomited most of that ingested. At this time the 
weight was 89 pounds After the twenty-sixth day the patient began to retain 
some pasteurized milk. On the thirty-seventh day 100 gm. of chicken, 60 gm 
bread, 25 gm. butter and 55 gm. egg were taken (N, 4.91 gm.: calories, 596) and 
similar food was offered thereafter, but was partly refused or vomited. The ob 
servations terminated when the patient, in a very weak condition, weighing 94 
pounds, was taken to the country. She eventually recovered. Although extreme 
care was observed it was found impossible, using the catheter every 4 to 6 hours, 
to collect all the urine, small portions of which were frequently lost Yet the 
portions lost were carefully estimated and were not large, so that the total 
amount obtained on days when none was lost did not vary greatly from that of 
other days, and constant relative anuria clearly existed While realizing that 
this deficiency vitiates the observations on total nitrogen, we do not believe the 
error from this source to be large. 

With this reservation we mav note several interesting features in this ease 
First, a state of advanced starvation existed toward the end of the febrile period, 
during which, with very low total N, the urea N remained unusually high and 
the ammonia N and the rest N relatively low, suggesting that the presence of 
fever may eliminate the usual features of the nitrogen partition of starvation 
Second, a considerable rise in the ratio of urea N during the twentieth to twenty- 
second days indicated an improvement in metabolism in spite of a sharp exacerba- 
tion of fever, this improvement heralding a rapid defervescence. Third, the steady 
decline in urea N ratio and rise in the ammonia N during convalescence suggests 
the appearance of starvation acidosis. Fourth, the striking increase in the rest 
N on the thirty-seventh day followed the addition to the diet of meat and eggs 
and suggests that the organism was unable to metabolize properly the products 
of digestion of this rich protein food. At the same time the pulse was accelerated 
15 to 20 beats, the temperature rose 2° on: the thirty-ninth and fortieth days, 
and the patient was less comfortable and vomited occasionally. 

Case 20.—Patient.—Woman, aged 20, weight on fifty-ninth day, 78 pounds; 
admitted on the fifteenth day of disease to New York Hospital, service of Dr. 
Conner, Aug. 29, 1908. The patient ran through a very severe attack of typhoid 
fever, complicated by extensive hemorrhages. The temperature from the fifteenth 
to the twenty-second day reached 104 to 105 F., falling during the days of hemor 
rhage (nineteenth and twentieth of illness). After a short remission on the twenty 
fourth day it rose again and continued above 104 until the present observations 
began, when its course is indicated in the table. Incessant vomiting nullified all 
attempts at feeding. Two large hemorrhages reduced the hemoglobin to 30 per 
cent. and left the patient in a critical condition for several days. The return of 
fever was accompanied by vomiting, excessive tympanites, a very low nervous 
state, repeated small bleedings with involuntary stools, and consolidation of the 
lower lobe of right lung, twenty-seventh day. 

At the beginning of the urinary analyses the patient was taking very little 


nourishment, vomited occasionally, and was extremely feeble. The pulse did not 
fall to 100 until the forty-sixth day. On the thirty-second to thirty-fourth days 
she retained a little barley water; on the thirty-third day 50 gm. of lactose were 
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L STUDY OF THE MECHANICAL ‘FACTORS IN ENPERI- 
MENTAL ACUTE PULMONARY EDEMA * 


JOSEPH L. MILLER, M.D., ano S. A. MATTHEWS, M.D 
CHICAGO 


luring recent vears the réle of chemical agents in the developmen 


of edema has received considerable attention and several theories have 
been propounded with a view of explaining all forms of edema on a 


chemical basis. As a consequence the importance of mechanical factors 


has been somewhat discredited. Previous studies of the mechanical 
agents in acute pulmonary edema would indicate that here the phenom- 
ena may be explained on a mechanical basis. A continuance of thes 
studies might, therefore, be of interest in order to determine whether 
pulmonary edema the result of other means than those previously em- 
ploved could be expla ned without the aid of chemical agents. 

In an exhaustive article published in 1878, William H. Welch’ mad 


the first attempt to explain, on an experimental basis, the phenomena of 


lI 


} 


acute pulmonary edema. Working with rabbits he determined that liga- 
tion of the thoracic aorta, in such a manner that the only outlet was the 
left carotid and left subclavian, produced uniformly in animals with 
strong hearts a marked pulmonary edema. In animals with presumabl; 
weak hearts, as shown bv the failure to respond to a rise in the pulme 

nary blood pressure, edema did not occur. He also determined that pul 
monary edema could be produced by marked constriction of the pulmo 
nary vein or compression of the left ventricle to the extent that its 
capacity was reduced 75 per cent. He noted that all of these procedures 
caused a marked rise in pressure in the pulmonary artery, which he 
considered a very important factor in the development of edema. Welch 
formulated the results of his experimental work in the following words: 
“Mechanical edema is the result of a disproportion between the working 
power of the left ventricle and the right ventricle of such a character 
that, the resistance remaining the same, the left heart is unable to expel 
in a unit of time the same quantity of blood as the right heart.” This 
explanation of pulmonary edema gave as the important factor passive 
congestion in the pulmonary artery. Welch’s theory called forth consid- 
*From the Laboratory of Experimental Therapeutics, University of Chicago. 

1. Welch, W. H.: Zur Pathologie des Lungenidems. Virchow’s Arch. f path. 


Anat., 1878, Ixxii, 375 
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from clinicians who attempted to apply this 


erabie criticism, CS Pec lally 
explanation to acute pulmonary edema in man. Sahli called attention to 
the absence of evidence of intense hyperemia in pulmonary edema, espe 


cially in nephritie and cachectic conditions. Welch answers this criticism 


by saying that the color of dropsical tissues is an unsafe guide as to 
their blood content, as a pale dropsical lung may be markedly hyperemice. 
Especial stress has been laid on the character of the pulse during an at- 
tack. While usually small and rapid, it is at times normal or even of 
‘ high tension (Sahli,*? Hewlett,? Riesman,* Crummer’). The presence of 
gh pressure has been used as an argument against impaired activity 
] 4 ] ] , 


of the left ventricle. Welch’s reply to this criticism was that complete 
paralysis of the left ventricle is not necessa1 to cause a disproportion 
etween the working power of the two ventricles 


Welch’s experiments were repeated by Mayer,® Sahli? and Lowit 


Mayer obtained the same results, but considered the rise in systemic 


pressure to be due to vascular spasm excited by the cerebral anemia 
Sahli, working with dogs instead of rabbits, was able only infrequent 

to produce edema, which he explained by the greater permeabilit f the 
vessel walls in rabbits, and this factor rather than mechanical agents he 
considers responsible for the edema. LoOwit, in repeating the experi- 
ments, obtained the same results, but considers overfilling of the pulmo 


lary vessels as an Important element. By taking the pressure in the 


1 } ] 


) 7 J 
eft auricle and at the same time in the pulmonary and systemic cireu 


lation, he made the interesting observation that an increase in the pul- 


monary artery may be associated with lessened pressure in the left 
uricle or rice versa; that is, that direct transmission of pressure through 
the pulmonary artery to the pulmonary vein does not necessurily oceur. 





Both Léwit and Bettelheim® were able to produce pulmonary edema 
ligating the left coronary artery, the edema being associated with a 


fall in the systemic and a rise in the pulmonary pressure. 





2. Sahli, H Zur Pathologie und Therapie des Lungenédems Arch. f. exper, 
Path. u. Pharmakol., 1885, xix, 431. 

3. Hewlett, H. M.: Four cases of acute suffocative pulmonary edema In 
tercolonial Med. Jour., Australasia, 1903, viii, 611 

4. Riesman, D.: Acute pulmonary edema, with special reference to a recurrent 
form. Tr. Assn. Am. Phys., 1906, xxi, 155. 

5. Crummer, L.: Acute suffocative pulmonary edema Northwestern Lancet, 


1902, xxii, 203. 

6. Mayer, S.: Verhandl. d. Akad. d. Wissench, Wien., 1878, Ixxvii, 266 

7. Léwit. M.: Ueber die Entstehung des Lungenidems. Beitr. z. path, Anat 
u. z. allg. Path., 1893, xiv, 401. 

8. Bettelheim, J.: Ueber die Stérungen der Herzmechanik nach Kompression 


der Arteria Coronaria sinistra des Lungenidems. Ztschr. f. klin. Med., 188 


xii, 550 
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' 
and Lowit produced pulmonary edema in dogs by 


y intra- 


on of muscarin nitrate. Grossman reported a fall in the 


ure, with a temporary fall followed by a rise in the pulmo 
He explains hese blood pressul changes DV a selective 


drug causing spasm of the left ventricle. He calls atten 


to a few instances in which the rise appeared earlier in 
artery than in the left auricle, a phenomenon which 
x plaine vy stasis in the left heart. As Brunton had stated 


may constrict the pulmonary artery, Grossman cut the 
that this did not interfere with the primarv rise in the 
tt Brodie and Dixon’ have recently shown that mus 
ather than constricts the pulmonary artery. Lowit was 
ce pulmonary edema with musearin. His results differ 
Nl n that almost invariably the rise In pressure a ypeared 
monary artery than in the left auricle and. therefore. 
m spasm of the left ventri could not be the cause. 
Lowit agree that evidence of disproportion between the 
le velops, mut that the cause 


e two sides of the hear 


wortion is still undetermined. Muscarin edema has a direct 


¢ as in poisoning with toadstools (Agaricus muscarinus) 
ma is a prominent symptom. Pilocarpin, which resembles 
Ss acti is probably been responsible for many attacks 
edema mn nephrities ‘Tvson refers to the frequen vy witl 
al edema appeared at the time was customary to ad 
doses of pilocarpin in kidney cas 

studied verv carefully the blood-pressure changes asso- 


ite pulmonary edema produced by ac ether. He foun 
ter the intravenous injection of a small amount, a decided 
emi ood pressure and simultaneously with this a rapid 
essure n the pulmonary arte! foliowed by eardiac stand- 
ese pressure changes do not show anv evidence of stasis. 
1 1 ¢hat ) 1) | ] onestrat | ‘ ; ente . rime a! 
( ‘ { ar aemonstratec l acultl experimenta 
1 could be produced independently of mechanical agents 

3 vy. he has been able to cause quite extensive trans 
nea eavit ) thie nt el onea nyection o 
Ml Das Musearin-Lungenidem. Fin Beitrag zur Lehre von det 
ite \llgemeinen Lungenidems Ztschr. f. klin. Med.. 1887 
( D ._— Contributions to the physiology of the 

j Lor , 1904. xxx. 476 

A di 1 f Riesman’s paper t ite pulmonary edema 
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Guinard and Teisse1 demonstrated typical pulmonary edema in 
rabbits after the intravenous injection of 30 mg. of methyl] salicylate, 
the observed pressure changes corresponding to those seen after the use 
of muscarin, 

Von Zeissl** by intravenous injection of Lugol’s solution into dogs 
was able to produce very extensive pulmonary edema. During the dev 
opment of the edema the pulmonary pressure always rose, the systen 
pressure varied, at times a rise, at othe nes a fa ind, as had bee 
observed with acetic ether, press changes e i i cle that were 
apparent ndependent of at in the pulmona irte! The rig ven 
tricle dilated, the left remained norma! « eca contracts Althoug 
these pressure phenomena showed the presence stasis, he consid 
changes in the vessel walls as probably an imp ! actor in the dev 
opment of the edema. 

Fina there is the experimental work Powkus wit] irboni 
oxid. He was able to cause extensive edema in dogs and rabbits by this 
neans Bloor yressure measurements were not made, but he reports 
that during the experiment the left side of t rt appeared empty and 
contracte: e right heart full and dilated and e pulmonar inte . 
dist nde W ( precisely he appearance ft it iad en not iit 
acetic ethe ina OU d 

summal ng the cardiovascuial anges ops n ( nal 
edema pl iced DV these various chem vents, we n < 1 Striking 
similar Generally there is a fall in the svyster pressure and a rist 
in press n the pulmonary arte) At the me time the right sid 
of the heart becomes dilated, the left remains norn n size r, as son 
have maintained. contracted Pressure changes I uimonal arte! 
are not necessal associated with corresponding changes in t é 
auricle since 1 =f n pressure n the puimona inte ma iss 
ciated with a n pressure in the left a ( rs 

X PERIMENTAL OBSERVATIONS 
) ! Wo! was ndertaken { ) et ! o 
( ving questions: firs whethe i n ecie l ) ‘ 
‘ther agents tl se already tried, is as ited w a ris 
12. Guina Ss ! elssel J Nouvelle re expérimentale 
pathogéni« e Toe n Ligu du poumor Tou phvs path. gé@ "y 
1, 42 
13. Van Zei \l Ueber Lungenice in Fe n Jodir xieca 7 
f. klin. Med SOD il ( 
14. Powkus \\ Uebet Vi 7 x \ 
Ar f it \ SOO. x } 
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pressure in the pulmonary artery; second, to repeat the experiments with 
acetic ether, since the previous work the acetic ether had been an ex- 


ception, inasmuch as it produced pulmonary edema without an increase 


in pressure in the monary artery: third, the value of various agents 


| 


ing the development of modifying the course of acute exper- 


in control 
mental pulmonary edema. 


Nitric oxid, ammonia vapors and illuminating gas are all recognized 


a 


as causing acute pulmonary edema in man. [lall'® reports three cases of 


edema in firemen exposed to the fumes of n ¢ oxid, «and pulmonary 
edema under similar circumstances’® has been noted with ammonia 
| 


vapors. Adrenalin often produces a pulmonary edema in rabbits, and 
Sahli refers to the frequency with which pulmonary edema occurs in 
| 


dogs poisoned by hvdrocyanic acid. These various agents were employed 


in our work and. in addition, the effect of artificial mitral stenosis on 
the pulmonary circulation. Dogs were used in most of our experimenial 
work. In a few eases rabbits were utilized instead. Ether was used as an 


(Artificial respiration was maintained by a bellows and motor 


anesthetic. 


the 


The pressure in pulmonary artery was determined by a mercury 


manometer, the descending arm of which had twice the diameter of the 
ascending arm; in this way slight changes in pressure could be more 
readily detected. The cannula was tied in the branch of the left pulmo- 
nary artery supplying the upper or middle lobe. The systemic pressure 


was taken from the right carotid. Pulmonary edema was considered 
present when froth either issued from the trachea or could be expressed 
‘reely from the large bronchi by moderate compression of the lung. 
Vitric Orid.—Nitrie oxid was generated from a mixture of metallic 
copper and nitrie acid. The fumes were forced from the flask in which 
they were generated into the tracheal tube, where they became mixed 
ith the ether vapor. As soon as a small amount of the gas had been 
inhaled, there was a very decided fall in the carotid pressure with a 
very g fall in pressure in the pulmonary artery. The carotid pres- 
sure soon reached a level at which it remained stationary, but the pres- 
sure in the pulmonary artery steadily continued to fall. If the amount 
of gas was suddenly increased, there was at once a fall in pressure in 
both arteries. Eight minutes after beginning the gas, bradycardia and 


arrhythmia were noted, followed by cardiac standstill. There was no 


evidence of unilateral dilatation of the heart at any time. The lungs 


15. Hall, J. M., and Cooper, C. E.: The effects of inhalations of the fumes of 
nitrie acid, with report of cases. Jour. Am. Med. Assn., 1905, xlv, 396. 
16. Several cases of this character occurred in firemen fighting the flames in a 


refrigerator plant at the stockyards in Chicago 
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showed very marked hemorrhagic edema: blood-tinged frot ssued from 
the trachea. Here, as in all other edemas, the lower lobes were most 
extensively involved, the posterior median portion of the middle lobe less 


edematous, the remainder of the middle lobe still less involved. The 
upper lobes usually showed a slight patch in the posterior median por 
tion. The lobe supplied by the branch of the pulmonary artery w 


contained the cannula was always free from edema. 


The changes in blood pressure are shown in Table 1 


rABLE ] CHANGES IN BLoop PRESSURE WitH Nitric © 


Pulmonary 


Carotid Artery 
rime Pressure Pressure Remarks 

110 13.5 Before giving nitric oxid 
36 seconds 66 11.0 After beginning nitric oxid 
72 seconds 60 9.0 Inhaling nitrie oxid continuously 
250 seconds 56 8.0 Inhaling nitric oxid continuously 
300 seconds 32 6.0 Amount of nitric oxid increased 
480 seconds 0 0.0 Very marked pulmonary edema 


At no time throughout the course of this experiment was there an 


increase in pressure in the pulmonary artery. To consider a disturbance 
in the ratio between the two pressures as of importance in supporting 
Welch’s theory is more rr less fallacious, as rugs e nitrogiyceerin 
cause a very marked fall in the carotid pressure without affecting the 


pressure in the pulmonary arterv. If mere disturbance of the ratio was 
an important factor, pulmonary edema would develop under these eit 
cumstances. In this experiment of producing acute pulmonary edema by 
means of nitric oxid. we were unable to detect anv evidence of snronor- 
tion in the work of the two sides of the neart. The pulmonary pressure 
steadily fe ll. The re were no signs of ove rd stention of anv single cardia 
chamber, or of one side of the heart. For this reason it w | be impos 
sible to apply Welch’s theory to explain the development of the edema 
It would appear that irritation of the bronchial or alveolar epithelium 
or the underlying vessels was an important factor. Cohnheim and 
Lichthein demonstrated that in animals in which they ad produced a 
hydremic plethora by transfusion, irritation of the skin with iodin or 
exposure to the sun was sufficient to produce a local edema. We must 
bear in mind that in Cohnheim’s experiments a predisposition to edema 
was present. Whether such a predisposing factor is essential in the 
lungs, it would be impossible to say. There is no evidence in any case 
that this predisposing factor is a disproportion in work of the two ven- 
tricles. 

Ammonia Vapor.—The results obtained by inhalation of ammonia 


vapors were similar to those produced by the nitrie oxid It wa 
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e gas was administered slowly the carot 
‘ed; the pressure in the pulmonary arter\ 
a verv slight rise. When the gas was ad 
was reached where the svstemi pressure 


1 extreme slowing followed promptl 


is time the pressure in the pulmonary 
rring at the sam 


stopped, the heart gradually returned to 


its, either by prolonged siow administra 
s. were we a le ) prod ee 1 p mona 
Wwkows v's ad et voung wos were used 
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terinarians to | incurable or sufferin 


ttempted to produce puimonary 


wall vani ar d. We used the dilute ac d of 


h. subeutaneously and intravenously, 
moderate pulmonary edema. There was 
ssure. the pulmonary pressure remaining 


radual lowering. except in one animal in 


» of 30 mm. Hg. in the carotid pressure with a 
the pulmonary artery, independent of any strug- 
producing an edema. Thiis single case is sugges 
lence of disproportio1 i work between the tw 
j stronger solutions o n certain animais this 
might reach a sufficien egree to give rise to a 
tion was used in these experiments; in the first 


tion. In Series 1 the animal received intraven 


ent. solution within a period of twent 


‘ise in the carotid pressure immediate] 


¢ n. this hi rh) pressure be ing maintained unt 
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"1 


heart was the same as in the preceding series, but the pulmonary edema 
was much more marked. 
raBLe 4 Bioop PRESSURE WITH UNDILUTED LUGOL’S SOLUTION 


Carotid Pulmonary 





rime l’ressure Pressure Remarks 
90 10 Previous to giving Lugol’s sol. 
30 seconds 110 34 After 25 e.c. Lugol's sol. 
180 seconds 120 36 After 25 c.c. Lugol’s sol. 
300 seconds 70 36 After 25 ec. Lugol's sol. 
540 seconds 2 32 
660 seconds 0 0 Very decided lung edema. 


These results are fully in accord with those of Van Zeissl. Atten- 


tion is called especially to the appearance of the heart: dilatation of the 


right auricle and ventricle, the left auricle and ventricle normal. Van 


Zeiss] reported the left side of the heart contracted; with this we can 


sisal vn, 


2 marvel ele eevee Aid biAhdlddhodind ie 
x “ x 


Tracing | Showing effect on the carotid and pulmonary arterial pressure 
of the intravenous injection of undiluted Lugol's solution P, pulmonary; C, 
carotid; X, 25 ¢.c. of Lugol’s solution injected. 


t 


not agree; while compared with the right side it appeared small, the 


size of the chambers corresponded closely to that preceding the injec- 
tion. As Van Zeiss] suggested that the rise in pulmonary pressure was 
due to constriction of the pulmonary artery, we used the various vaso- 
dilators without being able to lower the pulmonary arterial pressure. 
In another animal the cervical cord and vagi were cut before giving the 
iodid, but the rise in pulmonary pressure occurred the same as in the un- 
treated animal. As our experience with acetic ether had shown that 
occasionally very large doses produced edema without a rise in pressure 
in the pulmonary artery, attempts were made to bring about the same 
results by using a very strong solution of iodin and potassium iodid. In 
every instance, however, a rise in the pulmonary pressure was observed. 
The mechanical factors favoring the development: of edema were present; 
whether, however, they were responsible for the edema is questionable. 
This matter will be considered more in detail in discussing the effects of 
acetic ether. 


the third injection remained unchanged, gradually falling later. The 
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amount cetic ether invaria produces in dogs a typical pulmona 
( len 1 The acetic ether was administered ¢ 4 vn ilation 01 ryt = 
venous injection to 17 dogs and pro ed an extensive emorrhagk 
edema in every anima In o eal experiments doses 2 t » Cl 
were injected into the femoral vein iter smaller doses 0.5 to ( 
were used. Even with the smalle se t e is a distinct fa n t 
( tid pressure followed 1 prompt part ( | < ( 
I aose | iuces a sin ir elfe nt nl tiie eart § ss | 
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720 seconds 1! 6 After 2 c.c. acetic eth 
750 seconds 0 0 Verv marked edema 
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ud) 
snows that ) ving e secone nye on of acetic ether, the ght ven- 
tricle was doing ne-third the amount « we done by the left 
ventricle wl F re ng e first nyect n vas I ong iwdUuT 
ne-sixth as n \ as the left ventricl loo much stress, however, 
should not be placed on a disturbance in the ratio as a factor in the 
é nt of pulmonary edema. Apparent in actual rise in the 
pulmona pressure is essential rather than a disturbance in e relative 
il mour \ one tie ( bers \\ i ( l = I pul 
! } 
nar pressure vile I vs a i nd wW aoes not tile 
yina ‘ is lI ove table, can be look« n in e same cht 
2 y t w4 Yr na ss ‘ S ‘ ‘ ~ el 
PABLE 6 \c c Erner i~s SMALL Doses INTRAVENOUSLY 
Rat 
I monary Between 
Carotid Arteria Carotid 
ris l’res ‘ l’ressure and Pulm Remarks 
84 900 9,2 Before receiving ether 
H 20 seconds ti4 10.5 6.3 \fter 1 e.c. acetic ether 
60 seconds os 13.5 5.0 
220 seconds sO) 17.5 1.6 
300 seconds TO 15.0 1.6 20 s. after 1 c.c. acet. eth. 
180 seconds tt) 12.0 0 (0s. after 1 ec. acet. eth. 
540 seconds 0 0.0 Very marked edema 
\ very marked pulmonary edema was produced by the inhalation of 
I 


acetic ether. 


The rise and absolute height of the pressure in the pulmo- 


nary artery was greater than we have been able to produce by any other 
means. Another peculiarity of this test was a decided gradual rise in 
the pulmonary pressure without a fall in the carotid pressure. Later, 


when the amount of ether was increased, a verv marked fall in carotid 


nressure took plac e. 


rasie 7 INHALATION OF ACETIC ETHER 


Ratio 
Pulmonary Between 
Carotid Arterial Carotid 
rime Pressure Pressure Pressure Remarks 
108 24 4.5 Before acetic ether 
120 seconds 108 32 3.5 2 min. after begin 
ning inhalation 
240 seconds 10 32 1.2 4 min. after begin 
ning inhalation 
360 seconds 80 40 2.0 6 min. after begin 
ning inhalation 
$80 seconds 54 44 1.2 8 min. after begin 
ning inhalation 
600 seconds 104 48 2.1 Ether discontinued 


for one minute. 


As we had determined that pulmonary edema could be produced with 
} 


} 


arge doses of acetic ether, without an increase in the pulmonary pres- 
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107 
sure t s por nt t etermine wht ( e s] ~ we 
n the pulmona pressure was essent ts deve \useulta 

I 
n over the ngs revealed e presenct nun 3 : ng 
the niection ¢ ema doses. and before a Se n pressure n the puimo 
na irteryv ook place. As a f the est ea il ngs wel 
} 
removed ust { ] ai l l ~ n l I = 
vas opserver n one nstam \ n twos I s 
stances 1 ed pulmonary eden ad already his 
\ 
n was repeated severa times wit ilw = + & ‘ es \\ ) at 
] + 
‘ ( COI i¢ i Live rise n press t i 
1 ( er edema hac ( 
In eavoring to explain the increas e pulmonary art 
} 4 . 4 { 
S< t evidence ¢ stasis 11 ‘ Ss { 
‘ ‘ 1 Oo = 4s = Tive =( 1 ] ess < = | 2 
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VR URN ener NAAR nen 


rracing 2. Effect on the blood pressure of small doses of acetic ether injected 
intravenously. P, pulmonary artery; ¢ 


into the femoral vein. 


, carotid; 


Very marked pulmonary edema 


ceivable that the pressure exerted on the 


arterioles of the pulmonary 
artery bv the distended alveo might merease ihe resistance s fT ently 
to cause such a rise in pressure. The effect on the blood pressure of 


overdistention of the lung with air was first tested. Ws 


however, even after prolonged distention, to produce a rise in the pul- 


wert unable, 


monary blood pressure. An attempt was then made to distend the alveoli 
down the trachea. An 8-kilo d 


ceived in this way 250 c¢.c. of water 


by allowing water to flow slowly 


na period of 10 minutes. After the 
nstillation of 100 ¢.c. a gradual rise in the carotid pressure wi 
which slowly increased until 175 c.c. had been given, when a 
fall set in, which continued as long as the instillation of water was kept 
up. With the beginning of the rise in the carotid pressure, there was a 
gradual increase in pressure in the pulmonary artery, which reached its 
maximum much later than the maximum rise in the earotid. F 
this there was a slight fall in pressure not commensurate, however, with 
the fall in the carotid. These blood-pressure ch 


, ee 
anges are shown in Table 
S. 


ollowing 


The lungs of this animal had the 


same appearance as those with pul 
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f water produced a pulmonary edema, and, therefore, the 
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ecdiema, Abundance of bloody froth could be expressed from the 


ronchi, and red blood corpuscles and granular material were 


in the alveoli on microscopic examination. Apparently the instil- 


‘ 


n the pulmonary arterv was not necessarily due directly to the 


Eerecr ON CAROTID AND PULMONARY PRESSURE OF INSTILLATION 


or WATER INTO THE TRACHEA 


Remarks 
fore instillation begar 


he 
\iter 125 e¢.c. of wate 





onds 170 O35 After 175 e.c. of wate 
onds Ow 26.0 After 200 ¢.c. of water 
onds 6s 21.0 After 220 c.c. of water 
onds th 17.0 After Boo ex ot wate! 


wayyy, N ww ww 
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Ww 
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rye panha hahaa 
eames Wy Airdrie Ne ae em 
thd didideaieint ce dihlielen nara oc eS 


a 
<A 
Sie ny the effeet of acetic ether after sect n of the cord in the 
re \, cord cut; b, 1 ¢.c. acetic ether intravenously 
~ I ( ema pl niuced ) ray ~ Wwe 1 af « nel ld 
Lis rel eas the edema is not the cause of the rise in 


ew seconds aft e increase in pulmonary pressure began did 
edema, but that prolonged increase in pressure was essential 

pmeni The rise n pressure in the pulmonary artery afte: 
er not be prevented or modified by large doses of nitro 


Combined section of the cord in the mid-cervieal region and 


also failed to prevent or modif t. The effect of section of 
=: shown in Tracing 3. It would, therefore. appear that the 
essure In the pulmonary artery 1s not of nerve origin. A close 
Tracing 4 would certainly give the impression that stasis from 
eart was ictor, as we note in the tracing that the increase in 
n the pulmonary artery begins during the period of sudden 
e carotid pressure, exactly what could be expected if stasis were 


If we could accept Lowit’s explanation that direct transmis- 


ressure from the left auricle through the pulmonary veins to 


pulmonary artery does not necessarily occur, and that increased 
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pressure 1n the pulmonar artery s not necessar!) y transn ( t 
pulmonary veins, stasis could still explain this phenomenon. 

In seeking for an explanation of the rise in the pulmonar I 
pressure without corresponding increase in pressure in the left rick 
it was suggested that capillary thrombosis might be responsible Wi " 
readily see that a plugging of the terminal branches of the pulmona 
irtery wol ‘ K followed DY the anpove press lT el nges ~ v« mani 
as shown it capillary thrombosis may be rea naduce val : 
toxic agents, including carbon monoxid and ether, and that the cap 

es ot the ngs, on acco of the exceeding small ca , 
a pressure, are especia rone t ombosis. To d nstra 
that s ron Sis was ntemorten siibermann injec ‘ £00 to 500 
( Oo 1 Sa rated wate! si tion of indigo-carmin into a el? 
ng ann The areas o Ss nw 
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but were unable to demonstrate the preset cap mb 
Microscopic examit n 
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cniorid, an attel tL was made¢ StTUC the DilooK ressure changes ¢ 

the development of such an edema. With cannulas in the carotid an 

! | 

pulmonary arteries efforts were made to produce a pulmonary edema 

intravenous injection of 0.5 to 2 e.c. of a 1:1,000 solution of adrenalir 

17. Silbermann, O Ueber das Austreten multiples intravitales Blutgerit 
nungen nach acuter Intoxication durch Chlorsiiure Salze-Arsen Phosphor un 
einige andre Blutgifte. Virechow’s Arch. f. path. Anat., 1889 


exvil, 288 
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chlorid. Although the experiment was repeated on a considerable num- 


er of rabbits, we were never able to obtain one in which a pulmonary 
edema could be produced by this measure. The experiment was then 
modtfied by cutting off part of the circulation. The descending portion 
f the thoracic aorta was ligated, beyond where the large trunks are 
civen off the head and upper extremities. This ligation was followed 
| marked rise in the carotid pressure; the pressure in the pulm 


This same « 





anges are shown in Table 9 and also in Tracing 5. 


however, was not affected; nor did pulmonary edema d 


animal then received 0.5 c.c. of a solution of adrenalin chlo- 


“1 a still further rise in the carotid pressure in the pul 


] 


onary artery, and the development of a marked pulmonary edema 


xperiment was repeated on dogs with similar results. Thes 
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lracing 5. 
P, pulmonary 


raBie 9.- 
rime 


0 seconds 
120 seconds 


The deve 


explained by 


Effect of adrenalin after ligation of the thoracic aorta, C, carotid; 
artery; X, 1 ¢.c. adrenalin chlorid 1-1,000. 


EFFECT OF ADRENALIN AFTER LIGATION OF THE THORACIC AORTA 


Pulmonary 
Arterial 





Pressure Remarks 
9 Before ligation of aorta. 
7 After ligation of aorta. 
19 After 1 ¢.c. adrenalin chlorid 1:1000. 
18 Animal killed; pulmonary edema. 


lopment of pulmonary edema in these animals can best be 
the vasoconstrictor action of the adrenalin raising the pres- 


sure in the systemic circulation to such a degree that the left ventricle 
is unable to empty itself completely. Stasis in the left auricle, pulmo- 


nary vein and pulmonary artery then follows with a consequent rise in 


pressure in the pulmonary artery and the development of edema. This is 


quite in accord with the theory advanced by Meltzer to explain the pul- 


monary edema following the use of adrenalin. By slow transfusion with 


a solution of 


adrenalin chlorid, 1:1,000,000, we were able to maintain a 


very high carotid pressure for twenty minutes, the pulmonary pressure 
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Tracing 6 Effect of bleeding, after artificial mitral stenosis \ ld e.c. ot 





blood withdrawn from the jugular. 15 ¢.c. withdrawn at X” X’” N\ (', carotid 


P, pulmonary 


Artificial Mitral Stenosis. The effect on the pulmonar ressure and 
the development of pulmonary edema was studied in dogs in which an 


artificial stenosis had been produced. With a little practice a ligature 
may be passed through the auriculoventricular groove in such a manner 
that on tightening it any degree of mitral stenosis may be produced. 
The first effect of narrowing the orifice is a fall in the carotid pressure. 
This occurs only after a considerable degree of constriction. In one an 

mal the orifice was reduced one-half in size with only slight effect on 
the carotid pressure. When the constriction is carried still further, a 
rise in pressure in the pulmonary artery takes place. This rise mav be 
slight or very marked, depending on the degree of obstruction induced 
Table 10 shows the changes of blood pressure after constriction of the 
orifice from 8 to 3 mm. All of these animals when a satisfactorv con- 
striction of the orifice was obtained de veloped a decided pulmonary 
edema of the hyperemic tvpe. After the constriction had reached a mod- 
erate degree, dilatation of the left auricle occurred followed bv dilata- 
tion of the right auricle and right ventricle. The development 


f edema 


) 


under these circumstances is best Y xplained by Welch’s theori 
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TABLE 10.—PULMONARY AND CAROTID PRESSURE FOLLOWING MITRAL STENOSIS 


Pulmonary 


Carotid Arteria 
Time Pressur Pressure Remarks 
100 0 Before produc tion of stenosis. 
60 seconds 50 9 Slight constriction mitral orifice. 
300 seconds S4 14 Orifice constricted from 8 to 3 mm 
420 seconds 80 18 Showing increase in pulmonary 


pressure although no change in 
constriction since previous read 
ing 


EXPERIMENTAL THERAPEUTIC AGENTS 


In apy ng therapeutic agents to the treatment of experimental 
edema, it can readily be seen that no single remedy would be indicated 
in all instances. While the pulmonary arterial pressure was increase? 
n most forms of experimental edema, the systemic blood pressure val ed, 
low In some instances, high, however, in that tvpe produced by adrenalin. 
\ssuming that mechanical factors are important, a drug or method of 
treatment, in order to be considered beneficial, should tend to equal 


the work of the eardiae chambers. The only form of experimental edema 


that yields readily to treatment is that produced by muscarin. Atropin 
has here a phvsiologic antagonistic action, and under its use the left 
ventricle assumes its normal working power, the blood pressure becomes 
equalized and the edema gradually subsides. Atropin, however, in pul 


monary edema from other causes was without beneficial effect. When 
used in the edema produced by acetic ether or iodids the pressure in both 


carotid and pulmonary artery was increased, the developing edema was 
not checked nor was the life of the animal prolonged. 

Nitroglycerin was also tried in the edema produced by acetic ether 
and iodids with the idea that perhaps the rise in pressure in the pulmo- 
nary artery was in part due to a vasoconstrictor action. As previously 
mentioned, however, large doses of nitroglycerin under these cireum 


stances did not reduce | pressure. In the edema 


he pulmonary arteria 


1 high systemic pressure, the nitroglycerin was 


neffectual on account of its action heing interferred with bv the more 


powerful adrenalin. This does not mean, however, that in pulmonary 


in man nitroglycerin might not be beneficial. as the 


‘ 


oh tension in the svstemie circulation mav be due to other agents than 


adrenalin, whi eld, s] htly at least. to the vasodilators. 


Barium chlorid, on account of its constriction of the pulmonary 
artery, due to its action directly on the unstriated muscle, was tried both 
for the prevention and alleviation of experimental pulmonary edema 


As there is hyperemia of the lung with the edema, and the theory has 


been advanced that pulmonary edema is due to vasomotor paresis of the 
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pulmonary artery, it was thought that barium chlorid might exert a 
desirable influence. The results, however, were entirely negative either 
as regards preventing the edema or modifying its course. Changes In 
pressure in the carotid and pulmonary artery occurred as in the un 
treated animals. 

Digitalis was also tried, both in preventing and alleviating developed 
edema. The only form of edema in which it appeared to have any benefi 
cial action was that due to artificial mitral stenosis. Here in conjunction 
with venesection it contributed to the equalization of the circulation. 

The effect of venesection was noted in animals with acute pulmonary 
edema from the various causes. The results on tle whole were quite dis 
appointing. Before any effect could be seen on the pressure in the pul- 
monary artery, it was necessary to withdraw a sufficient amount of blood 
to lower the general blood pressure materially. Rapid withdrawal of 10 


to 20 ¢.c. of blood from the jugular vein of a 12-kilo dog would lower 


the pressure in the pulmonary artery momentarily, but it would prompt- 


ly return to the previous level (see Curve 5). The withdrawal of 100 


c.c. within two minutes in an 8-kilo dog would cause a permanent fall 


ail 


in both carotid and pulmonary artery, which, however, could not be 
considered as beneficial. When digitalis was given in conjunction w 
er 


moderate bleeding, in the edema due to m 


a 


pressure could be lowered slightly and the carotid pressure rais 
previous level. It was not determined whether this increase in pressure 
in the systemic circulation was due to increased systo 
general vasomotor constrictions; however, as there was a slight fall in 
pressure in the pulmonary artery apparently the systolic output of the 
left ventricle was somewhat increased. With the adrenalin edema bette: 


results were obtained by bleeding from an artery than from a vein 


Although our therapeutic results in the treatment of experimental! 
edema were so unsatisfactory, a knowledge of the factors at wor n 


producing an edema should be of assistance in its intelligent treatment. 


We must remember that many attacks of acute pulmonary edema in man 
subside without treatment and, for this reason, clinical experience in the 
value of therapeutic agents must be accepted with considerable reserve. 
Considering marked disturbance of the circulation as the chief unde 
lving cause of the trouble, intelligent rather than empirical treatment 


should be instituted. To give adrenalin, digitalis or caffein in a case of 


edema associated with high arterial tension might hasten a fatal termi- 
nation. Atropin under these conditions, on account of its raising the 
hlood pressure by quickening the heart action, would not be indicated 


In this tvpe of edema efforts should be directed toward lowering the 
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odilators or counter-irritation to the surface 
with the type of edema associated with low- 
tension p 4 form of treatment might be injurious. Here digitalis 
and Tein w e indici . It is interesting to note the frequency 
mmmended in the tre of acute pulmonary 
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CONCLUSIONS 


tric oxid or 


edema develops after exposure to n 
ammonia, t o evidence that mechanical factors play a role; i. e. 
we are una to « ct any evidence of disproportion between the work 


power ol \ d ' the heart. 


onary edema following inhalation or intravenous 

usually associated with evidence of dispropor- 

1f the two sides of the heart. as there is a fall 

1 corresponding rise in pressure in the pulmonary 

of acetic ether are injected intravenously, pul 

without evidence of disproportion in the work 

the heart, thus showing that such changes 

are not essential for its appearance. It would appear. therefore. that 
mechanical factors a it responsible for the edema 

8. Intl ute pulmonary edema produced by iodids. there is in the 


beginning arl rise in pressure in both the svstemic and pulmo- 
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A COMPARATIVE STUDY OF SERUM DIAGNOSIS IN 
SYPHILIS * 


HOMER F. SWIFT, M.D. 
NEW YORK 


Although only three years have elapsed since the Wassermann- 
Neisser-Bruck reaction for the diagnosis of syphilis was described, it has 
become in this time a well-established diagnostic method and it, or its 
modifications, are now in use in all large medical centers. During this 
period, which must be considered as a stage of experimentation and 
testing, a number of modifications of the original method, and also 
several practically new methods for serum diagnosis have been devised. 
Several of these have been subjected to critical examination by various 
investigators, and although from the mass of evidence the original 
method, with a slight modification, appears to be the most satisfactory, it 
has seemed to me advisable to carry out a comparative, critical study of 
the more important modifications. The methods selected for study are 
the following: 

I. Wassermann’s original method. 

II. Noguchi’s precipitation method for spinal fluids, with a discus- 
sion of the precipitation reactions of Porges, Fornet, Klausner and 
Noguchi for blood serum. 

III. Bauer’s simplification of the Wassermann reaction, with a dis- 
cussion of Tschernogubow’s modification. 


IV. Noguchi’s complement deviation method. 


I. THE WASSERMANN METHOD 


In his adaptation of the Bordet-Gengou phenomenon of complement 
deviation, Wassermann used as a hemolytic system: (a) 1 ¢.c. of a 5 per 


cent. suspension of washed red blood cells of the sheep ; (b) two units? 
of hemolytic amboceptor made by immunizing rabbits to sheep’s red 

*From the Department of Pathology, The Carnegie Laboratory, The University 
and Bellevue Hospital Medical College, aided by a grant from the Committee on 
Scientific Research of the American Medical Association. Read before the Asso- 
ciation of American Physicians, Washington, May 12, 1909, and by title before 
Section on Physiology and Pathology of the American Medical Association, At- 
lantice City, June, 1909. 

1. The hemolytic unit is the amount of inactivated hemolytic serum that will 
completely hemolyze 1 c.c. of a 5 per cent. suspension of sheep’s red blood cells in 
the presence of 0.1 ¢.c. of fresh guinea-pig serum as complement. 
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blood cells; and (c) as complement 0.1 c.c. fresh guinea-pig serum. For 
syphilitic antibody 0.2 c.c. of serum from suspected patients was selected 
as the maximum quantity; and for antigen a watery extract of a liver of 
congenital syphilis known to be rich in Spirocheta pallida. 

At this time Wassermann considered his antigen to be an extract of 
the specific organism and the fixation of complement to be therefore a 
true antigen-antibody reaction. ‘The subsequent work on the nature 
of the antigen has, however, destroyed this view. Marie and Levaditi,? 
in applying the reaction to the spinal fluid from tabes and 
general paralysis, found that extracts of livers from non-syphilitic 
fetuses gave a weak reaction, and such extracts when used in large quan- 
tities acted satisfactorily as antigens. Weil,® using extracts of tumors, 
obtained positive reactions with syphilitic sera, and from such results he 
attacked the specificity of the method. Such results clearly proved that 
the so-called antigen was not the Spirocheta pallida or its products, 
and numerous workers took up the study of the nature of this substance. 
Under Wassermann’s* direction, alcoholic extracts of syphilitic livers 
were made and found to contain the active substance. Similar experi- 
ments® were repeated with the normal organs of man and the lower 
animals and all such extracts were found to be potent antigens. As 
extraction by alcohol indicated the substance to be lipoid in nature, 
different members of the lipoid group, in the pure state, were tested. 
Among these may be mentioned lecithin, cholesterin, the sodium salts of 
the bile acids, sodium oleate and oleic acid. Combinations of these in 
definite proportions have been suggested for us as antigen, but so far 
the total extracts of organs seem to act the best, and of these, extracts of 
syphilitic organs can be used in the smallest quantity. 

To be satisfactory an antigen should possess the following qualities: 
(1) It should not prevent hemolysis when mixed with the hemolytic 
system; (2) it should give a positive reaction in a large proportion of 
syphilitic cases and should not react with non-syphilitic sera; (3) it 
should retain its antigenic qualities for some time so that comparative 
tests may be made. 

The watery extracts are prone to undergo sudden changes, while the 


alcoholic extracts keep well at room temperature. Each antigen must b 
tested as to the first two qualities before it is finally adopted as a reagent. 


It would be a great advantage if some rule could be formulated for the 


. Marie, A., and Levaditi, C.: Ann, de l’'Inst. Pasteur, 1907, xxi, 138. 
3. Weil. E.: Wien. klin. Wehnschr., 1907, xx, 527. 
. Wassermann, A.: Berl. klin. Wehnschr., 1907, xliv, 1599. 


. Porges, O., and Meier, G.: Berl, klin. Wehnschr., 1908, xlv, 731 
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making of antigen, but as yet no definite antigen has been generally 
adopted. In many places alcoholic extracts of animal organs are used 
and Wassermann® lately admits that such antigens may be employed 
provided they have been previously compared with a known antigen. 
He, however, prefers the watery extract for doubtful or weak sera. 

In the first hundred tests by the Wassermann method in this report 
(see Tables 3 to 9) the antigen was a 0.1 per cent. emulsion of lecithin 
furnished by Dr. Noguchi of the Rockefeller Institute; in the later 
cases an alcoholic extract of dog’s liver was used and found to work in a 
satisfactory manner. ‘This has been lately compared in about one hun- 
dred tests with an alcoholic extract of syphilitic liver and the latter has 


been found to give somewhat more marked reactions with weak sera. 


1 


On account of the small amount of blood obtained by puncture of 
the ear, hardly sufficient for the numerous controls necessary, I have 
found it advisable to reduce the quantities of serum and complement by 
one-half that recommended in the original method, that is, to use 0.1 c.c. 
of the patient’s serum and 0.05 ¢.c. of guinea-pig’s serum to each tube. 
The other factors were reduced in the same proportion. Some investiga- 
tors have used the drop method to economize serum, but I thought it 


better to reduce all the reagents in a definite proportion. 


II. PRECIPITATION METHODS 

The complicated nature of the Wassermann reaction has led to many 
attempts to simplify the serum diagnosis of syphilis. Various precipi- 
tation methods have been devised, but found not to be specific. Among 
them may be mentioned the Porges’ reaction with lecithin, the Fornet* 
reaction, by mixing serum from florid syphilis with that from parasyph- 
ilis, and the Klausner® reaction, which demonstrated an increase in 
globulin by mixing suspected sera with distilled water. Noguchi’® 
demonstrated an increase in globulins by precipitating these bodies with 
one-half saturated solution of ammonium sulphate, centrifuging, pour- 
ing off the supernatant fluid, redissolving them in normal salt solution, 
and adding 10 per cent. butyric acid. A flocculent precipitate in two hours 
was considered evidence of a decided increase in the globulin fraction. 
While this increase of globulin is often found in syphilis, it is not path- 
ognomonic, for it is present in many other infectious diseases, and earlier 


6. Wassermann, A.: Deutsch. med. Wehnschr., 1909, xxxv, 418. 

7. Porges, O.: Wien. klin. Wehnschr., 1908, xxi, 206. 

8. Fornet and Schereschewsky: Miinchen. med. Wehnschr., 1907, liv, 1471. 
9. Klausner, E.: Wien. klin. Wehnschr., 1908, xxi, 214. 


10. Noguchi, H.: Jour. Exper. Med., 1909, xi, 84. 
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PROTOCOL I.—Baver METHOD. 


Test for Diagnosis. Control Set with Normal 
Serum. 
Tube 2. Tube 4. 
Control tubes with- a. Patient's serum containing a. Normal serum containing 
out Antigen. hemolysin (and syphili- hemolysin. 
tic antibody’) 
b. Complement. b. Complement. 
Determinative tubes 
with Antigen Tube 1. Tube 3. 
a. Patient's serum containing a. Normal serum containing 
bemolysin (and syphili- hemolysin. 


tic antibody 7?) 


Complement. 


b. Complement. b. 
c. Antigen. ec. Antigen. 
Incubation at 37 C. for 1 hour 
Washed sheep's red blood cells. 
Incubation at 37 C. for 2 hours. Then in ice-box over night. 
1emolysis is inhibited in Tube 1e reaction is positive. is 
If } ly hibited Tube 1 tl tion is positive. Thi 
method has been adopted in a few clinics in Germany. Bering’ reports 
that the method gives as good results as the original Wassermann method, 
and prefers it because it is simpler and requires less of the patient’s 
serum. Hinrichs" finds it more satisfactory and reports the results as 
given in Table 1. 


TABLE 1.—HINRICcH's COMPARISON OF BAUER AND WASSERMANN METHOD 


Bauer Method. Wassermann Method 
Type of Syphilis. % Positive. % Positive. 
CNREES ccccccccecoccecescecesesscs 100 100 
Fairly well treated.............s+++4- 70 40 
History of over four years, little treated. 87 65 
History of over four years, well treated. . 66 50 


Meirowsky*® did not find it so reliable and obtained a higher per cent. 
of positive results in the Wassermann reaction. Noguchi reports having 
tried the method in over a hundred cases and says that it is unreliable 
because of the inconstant content of anti-sheep amboceptor. 

I have compared this method with those of Wassermann and Noguchi 
in sixty-five cases of syphilis and thirty-two non-syphilitic individuals. 
The results with the syphilitic sera are given in Table 2. The control 
sera, all negative with the Wassermann method, showed complete hemol- 
ysis in eleven cases, partial in thirteen, slight in three and none in five. 
The control tubes with the svphilitic sera showed complete hemolysis in 
twenty-six cases and insufficient or no hemolysis in thirty-nine. The 
whole number shows 37 sera, or 38 per cent., with sufficient anti-sheep 
amboceptor to perform the test, and 60 sera, or 62 per cent., with an 
insufficient amount. Of the cases of syphilis, 65 per cent. reacted posi- 


13. Bering, F.: Mtinchen. med. Wehnachr., 1908, lv, 2476. 
14. Hinrichs. Med. Klinik., 1908, iv, 1349. 
15. Meirowsky, E.: Berl. klin. Wehnschr., 1909, xlvi, 152. 
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TABLE 2.—COMPARISON OF WASSERMANN, NOGUCHI AND BAUER REA(¢ 
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tively with the Wassermann and 67 per cent. with the Noguchi method. 


The Bauer method gave 33 per cent. positive, 20 per cent. doubtful-pos- 
itive, 9 per cent. negative and 38 per cent. in which a diagnosis could not 
be made. Five spinal fluids were similarly tested and none was found 
to contain anti-sheep amboceptor. Bauer in his original communication 
says that the blood of suckling infants can not be used and recommends 
that a little serum from a normal adult be added to that of infants. It 
would seem better to add a known quantity of foreign hemolytic serum so 
that the results could be more accurately measured. 

The cause of the variation in the amount of anti-sheep amboceptor 
has not been explained. The thought naturally occurs that perhaps the 
eating of mutton excites the formation of this body and that the varia- 
tions in the results from different cities may be due to the fact that this 
meat is used more in some places than others. Some ground for this sup- 
position is afforded by the work of Rosenau and Anderson’® on hypersus- 
ceptibility and immunity. They have shown that guinea-pigs may be 
sensitized to horse and cattle serum by feeding them horse-meat or beef. 
uncooked. We have no evidence, however, that the results of those exper- 
iments may be applied to man. 

The fact that some samples of sera are rich in anti-sheep amboceptor 
explains also the negative Wassermann reactions in certain cases of evi- 
dent syphilis. Morgenroth and Sachs’* have shown that with a fixed 
quantity of cells, complete hemolysis will take place by varying the 
amount of complement and amboceptor inversely to one another. They 
found that with 1 ¢.c. of a 5 per cent. suspension of sheep’s red blood 
cells and 0.1 c.c. of guinea-pig serum as complement, that 0.05 c.c. of 
rabbit’s serum as amboceptor produced complete hemolysis; if 0.2 ¢.c. or 
0.4 e.c. of the same rabbit’s serum was used only 0.01 ¢c.c or one-tenth 
the amount of complement was required. Other experiments showed 
that a fourfold increase of amboceptor caused such a change that only 
one-twentieth the amount of complement was needed. From this it can 
be readily seen that if a large hemolytic amboceptor content were present. 
with a small syphilitic antibody content, so that not quite all the com- 
plement was absorbed, the reaction might be negative. Noguchi'*® re- 
ports finding as high as twenty units of anti-sheep amboceptor in some 
samples of human serum. He also found that four units of amboceptor 
prevents the detection of one unit of syphilitic antibody. On account of 


16. Rosenau, M. J., and Anderson, J. F.: Bull. No. 36, Hyg. Lab, U. S. P. 
H. and M.-H. S., Washington, 61. 

17. Morgenroth, J.. and Sachs, H.: Berl. klin. Wehnschr., 1902, xxxix, 817. 

18. Noguchi, H.: Jour, Exper. Med., 1909, xi, 392. 
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Lhiest observa ons, ud spe imen Of bio0o0d under examination roauces 
rapid hemolysis, it is well to determine the amount of antibody present 
At times this will be the exact amount necessary for Bauer’s modification. 
Case 241 under secondary syphilis (Table 3) shows this very well In 
this patient the Wassermann was negative, but the Bauer positive. This 


serum was from a man who had become infected four months previous 


had ten weeks’ treatment. and presented only lesions of the soft palate 


t other times the hemolytic content may be so high that the dilution 
required to obtain only two units of amboceptur would completely pre- 
vent the detection of a small amount of syphilit intibody. Such a case 
is that of a woman who eight ears ago was ected wit svVp S, at 
which time she had a short course of treatment. She then disappeared 
from observation unti! eight months ago, when she returned to the hos 
pital with tertiary lesions of the skin. Treatment caused these to dis 
appear, but two months ago she began to have shooting pains in the legs 


and vesical symptoms. Examination revealed the Argyll-Robertson pup 
Rombere’s sign, and some incoordination in the movement of the legs 


The case is undoubtedly one of beginning tabes with syphilis as an 


etiologic factor. Treatment had been inefficient, but the serum reaction 


was negative with both the Wassermann and Bauer tests, but posit 


by Noguchi’s method. Investigation showed that the amount of serum 
used contained five units of anti-s] eep an boceptor, enough to mask the 
weak syphilitic antibody that would be expected. I have frequently 
noted that the tubes in cases of known syphilis which give a negative 


Wassermann reaction are the first to hemolvze, and am sure that this 


explains a number of negative reactions. 


Meirowsky"® savs that he makes it a rule to repeat the reaction, sub- 
stituting the Bauer technic for the original method, when the serum 
from a case strongly suspicious of syphilis fails to give the reaction As 


1 


a routine it might be well to introduce a control tube with one-half the 


amount of serum usually employed in the Wassermann test: if this, 
with 0.1 cc. of complement, should produce complete hemolysis of the 
usual number of cells, it would give a clue to the cause of negative 
findings with certain sera, and would justify repeating the reaction with 
Bauer’s modification. 

Tschernogubow’® described a method whereby the complement and 
cells present in human blood were utilized in a complemental deviation 
test. He diluted 0.4 c.c. of blood to 4 ¢.c. with normal salt solution and 
used 1 c.c. in each of four tubes. His source for antihuman amboceptor 
s not stated. Protocol 2 gives his method. 





19. Tschernogubow, N.: ter]. klin. Wehnschr., 1908, xlv, 2107 
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PROTOCOL II.—TSCHERNOGUBOW METHOD. 
Control Without Antigen or Hemolytic 
Amboceptor. Control Without Antigen. 
Tube 2. Tube 1. 
a. Blood dilution containing complement a. Blood dilution containing complement 
and cells. and cells. 
Tube 3. Tube 4. 
Determinative Tube. Control Without Hemolytic Amboceptor. 
a. Blood dilution containing complement a. Blood dilution containing complement 
and cells. and cells. 
b. Antigen. b. Antigen 
Incubation at 37 C. for 1 hour 
Add hemolytic amboceptor to 1 and 3. 
Incubation at 37 C. for 2 hours 


Tube 1 shows hemolysis; Tube 2 shows no hemolysis; Tube 3 (test) 
will show no hemolysis if disease is syphilis; Tube 4, to show that 
antigen is not hemolytic, should show no hemolysis. 

While this method appears simple, it does not stand critical analysis. 
Noguchi*® has studied it and found it impractical for the following 
reasons : 


1. Human complement requires for complete hemolysis ten times as 
much amboceptor as an equivalent amount of guinea-pig complement. 


2. Human complement is less sensitive to fixation than that of 


guinea-pigs. 

3. The quantity of human complement varies greatly, from one to 
three, with different samples of sera. If it were present in excess it 
would destroy a positive reaction ; hence to be accurate each serum would 
have to be titrated for complement content before applying the test. 
Dilution would vary the amount of cells present which, aside from the 
labor involved, would destroy the value of the reaction. 

4. If human complement is used there is no way of telling if antigen 
alone is antihemolytic. 

5. Old samples of blood could not be used because complement rap- 
idly deteriorates, and the cells undergo spontaneous hemolysis after a 
time so that controls could not be kept from day to day. 

Boas*' condemns the method because active serum is employed. 


IV. NOGUCHI COMPLEMENT DEVIATION METHOD 


Noguchi has devised a plan of using an anti-human hemolytic system. 
In his recently published results'® he presents a large series of observa- 
tions from which it appears that his method is more delicate than the 
original Wassermann. Instead of the hemolytic series being sheep’s cells 
and hemolytic serum from rabbits, he uses human red blood cells, with 
anti-human serum from rabbits. In this way he hopes to eliminate the 


20. Noguchi, H.: Proc. Soc. Exper. Med. and Biol., 1909, vi, 77. 
21. Boas, H.: ferl. klin. Wehnschr., 1909, xlvi, 400 
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great variability in the amount of hemolytic amboceptor present in a 
given serum. In other respects the method is one of complement devia- 
tion in which the five factors used are separate, can be accurately meas 
ured, and any of them tested, should this be necessary, to control the 
work. The cells used are in the proportion of one drop of blood to fou 
cubic centimeters of normal salt solution. They are not washed, but wel] 
shaken to insure a uniform emulsion.** One cubic centimeter of emul- 
sion is used in each tube and this is added before the first incubation. 
The serum to be tested is employed in the amount of one drop from a 
capillary pipette. At times two drops may be used, but as this amount 
is often found to be antihemolytic, Noguchi recommends one drop. 
This serum is not inactivated. As complement 0.04 c.c. of fresh 


boceptor, two units of 


guinea-pig serum is employed; as hemolytic an 
the serum of a rabbit immunized to human red blood cells. The titer 
of such serum must be over 0.01 c.c. for one unit. As antigen 0.3 per 
cent. solution of impure lecithin in equal parts of absolute alcohol and 
normal salt solution, or alcoholic extract of syphilitic livers, one drop 
from a capillary pipette, is used. In making this test I have followed 


the Noguchi protocol, with two added controls (Tubes 7 and 8) 


PROTOCOL III.—Nocucnhrt MeTHop 








Test for Diag- First Con- Second Con- Third Control 
nosis. trol Set trol Set Set With 
Known Syphi- Known Non Serum 
litic Serum Syphiliti« 
Serum 
Tube 2 Tube 4 Tube 6 Tube 8 
Control tube with-a. Patient’s a. Positive a.Normal! 
out Antigen for serum serum serum 
each test bo Human bh Human bHuman bHuman 
blood sus- blood sus I 1 su slood is 
pension pension pension en 
ec. Complement c. Complement c. Complement Complement 
Tube 1 Tube 3 Tube 5 Tube 7 
Determinative tubes a. Patient’s a. Positive a.Normal! 
containing Anti serum serum serum 
gen. bn Human bb Human bb, Hum n b. H I I 
blood sus blood su blood sus blood . 
pension pension pension pens 
Complement c. Complement c. Complement ( n 
d. Antigen d. Antigen d. Antiger 1. Antiger 
Incubation 3 ‘. for 1 hour. * 
Antihuman * amboceptor to all tubes 
Incubation for 2 hours Let stand at 
over night 
* For incubation a water-bath was used Instead of a thermostat This insures a 
more constant temperature of the surrounding medium, and brings the s tion to the 
required temperature sooner. 
Tubes 2, 4, 6, 8. 5 and 7 should be hemolyzed. No hemolysis sho 
. p “2 oe r..2 . . . 
be seen in 3, and if the case is syphilitic, Tube 1 should show the san 
2°. Noguchi now advises that the cells be washed by allowing the emul it 
T n and adding fresh salt 


stand over night, pouring off the clear supernatant solutio 
solution up to the original volume Personal commun tior 
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inhibition. It can readily be seen that this method is much simpler 


than the Wassermann technic. The cells are always easily obtained in 


the quantities needed and no centrifuge is necessary to wash them. Inac- 


tivation of the serum is not required, as the complement in the serum, as 
well as any mixed with the cells, is supposed to be absorbed during the 
first incubation period. 

In order to render the method more available to persons without the 
facilities of organized laboratories, Noguchi prepared the different 
reagents by impregnating filter paper with amboceptor, complement and 
antigen in the proper quantities. He has shown*®® that complements and 
opsonins when dried at 23 C. retain their activity for a long time, and 
even withstand heating to 100 C. Immune bodies are even more resistant 
to the effects of desiccation. Where guinea-pigs are not readily obtained 
he recommended the use of dried complement, but suggested that when 
this serum could be obtained fresh it would be better to use it in the 
strength of 0.04 c.c. 

This simplification renders the method very attractive, but before it 
can be accepted it must be thoroughly tried, and controlled by a method 
which has gained the most universal acceptance, such as the Wassermann 
technic. 

A question which comes up in connection with Noguchi’s method is 
that of isohemolysins. The work which has been done lately in hemo- 
lysis in cancer has called attention to the presence of isohemolysins in 
the blood in a number of diseases. Eisenberg’* has demonstrated iso- 
hemolysins in five out of eight cases of syphilir. Weil®® found hemo- 
lysis of alien cells in one out of two cases of lues. The proportion of 
cells and serum in such experiments is different from that used in the 
serum diagnosis test, and no foreign complement is added in the cancer 
test, but the presence of isohemolysins must be considered and might 
mask certain weakly positive reactions just as the existence of anti- 
sheep amboceptor masks the complement absorption in certain of the 
Wassermann reactions. Noguchi has suggested that the tubes be care- 
fully observed for evidence of hemolysis at the end of the first incubation 
period, and if this is found, the case might be considered one of malig- 
nant disease. This has been done in all my tests with evidence of such 
hemolysis only three times. It has been noted, however, that a few of the 
cases of carcinoma showed quite rapid hemolysis after the hemolytic 

3. Noguchi, H.: Jour. Exper. Med., 1907, ix, 462. 

Eisenberg: Quoted by Weil. Jour. Med. Research, 1908, xix, 281. 
Weil, R.: Jour. Med, Research, 1908, xix, 281. 
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um ct ) id been at i, § en SIS lakINg place Db e that In 
the control tubes. Occasionally this phenomenon has been noted in the 
tubes containing serum Irom sypl tl patients which gave a positiy 
Wassermann reaction. This masking « es tic antibody explains 

th ire to obtain positive results in a sma recentage of es 

{ Sel] In suc cases, wit t me ( ( ecting the } el 

piood t was nposs e to repeat the test a ite wit Lhe ite! ~ 
own cells t W lid seem WISé n } wtice a ivs to se the patient 3 
v1 s in applying this reactio sw | necessitate multiplying 

( s, but the sake of accuracy su ! sho be pte 

The tw factors, antigen and ambocepto1 dried on paper | 
differ n ( me the in be ept Th ntigen is been nd 
e somey il nstabpie The rs I nis mt \ ( it the ( 
cinning was pe ectly satistac ry, a the e! ve weeKs gave n 
reaction with strong luetic serum. When. howeve two pieces of such 
samples were used good results were obtain This shows it in on 
mol e antigen in this form had lost one-half its poten ilt 1g 
it was kept in the dar na tig stopper ttle \ second lot o 
material retained its power for a longer time, but at e en two 
months failed to react with weak sera. This variabilitv in the strengtl 


of dried antigen suggests the advisability of keeping in stock an alcoholi 
solution and preparing the papers frequently, or of using the liquid in 
eedaciad 


definite measured quantities. The hemolytic amboceptor, on the other 


hand, has retained its power in dried form for at least three months 


Samples made three months ago and kept in stoppered dark-colored bot 


tles still contain two units and react in a perfectly satisfactory manner. 


In my study of the Noguchi reaction, hemolytic amboceptor pre- 


pared on filter-paper by the originator of the method has been used. 


| in the first 400 cases. 


Antigen prepared in a similar manner was us 


} 
{ 


but on account of the variability of this form, an alcoholic extract of 


syphilitic liver has lately been substituted. 


All material, except complement and syphilitic liver extract, has been 


obtained from the originator of the method, who desired to see if such 


material would prove as satisfactory in other hands as in his experience. 


In nearly all of the tests I have used mv own blood for red blood 


cells in order to have that factor as nearly constant as possible. In about 
7 


fifty cases parallel controls with the patient’s blood as indicator have 


been run, and in no case did I find any difference in the results. 
The result of the comparison of the Wassermann and Noguchi meth- 


ods are given in Tables 3 to 9 inclusive 
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results by the two methods. 
ination the reaction was repeated to control the methods and on 
‘inal result is published. 
Summarized the results are given in Table 10. 
rABLE 10 SUMMARY OF COMPARISON r WASS A AND N Ht Mr 
Wassermann Nog 
Total Positiv Nega tiv Pr vi 
Stage Number No N N 
Primary .. 16 13 81 2 ) 13 81 
Secondary 7¢ TO 2 6 Ss 74 OF 
Tertiary eee . 5 7 «680 s 0 10 688 
Latent, (none or little) treatment 39 2 4 } 6 °5 64 
Latent, fairly well treated 46 21 6 2 4 27 60 
Visceral 6oO +1 CR ) uy 10 ae 
Tabes se di 38 23 > 16 j °6 68 
General Paralysis 3 2 67 l 100 
Cong i 4 + 100 ( $ 100 
Aut vd ! + 1 ) 
Aut nal fluid 5 1 { go ao 
Snir f SVT na S 5 , 4 ‘ 1 
Thes esults show that t Nog ! n il 
cent. of the cases was more delica 
Wit e spinal fluids the Wassermanr me 4 
res I S s also the cass W th the blood obta ned at To Che 
of postmortem bloods, however, is so sma lefinite « 
can not be made, but that this material is satisfactory for the Wasser 
reaction has been demonstrated Pj nd Proskau and F: 
and Much. The latter, however, four 1 of sca 
obtained from the cadaver gave in five out of twe samples a p 
ict1o! 
CONTROLS 
In the course of this work a vi ir number of contro 
have been examined with negative results th methods. Thess 
be classified according to the nature of the illness under the headings: 
“Dermatologic,” “Medical.” Surgical” ar “Neurologic.” The 
croups include ninety-one bloods and sixteen spinal fluids, as fi 
Blood Controls. Dermatoloam Acne vulgaris. 4 nitvriasis 
color, 1; dermatitis herpetiformis, 2; pyogenic dermatitis, 1: eczer 
erythema multiforme, 2; fibroma molluscum, 1: ecthyma, 1: f 
96. Pick, L.. and Proskauer, A.: Med. Klinik, 1908, iv, 539 
97. Fraenkel. E.. and Much, H.: Miinchen. med. Wehnschr., 1908, lv, 247 


in 
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losis, 1; herpes zoster, 1; impetigo contagiosa, 1; lupus vulgaris, 1; 
lupus erythematosus, 1; lichen planus, 1; rosacea, 2; pemphigus, 1; 
syphilophobia, 1; tuberculosis verrucosa cutis, 1; chronic ulcer of 
mouth, 1. 

3lood Controls, Medical.—Arthritis deformans, 2; adiposis dolorosa, 
1; bronchitis, 1; hepatic cirrhosis, 2; diabetes mellitus, 1; diphtheria, 1; 
fever (unexplained), 1; cerebrospinal meningitis, 1; tumor of lung, 1; 
tuberculosis, 7; varicella, 1; meningitis (variety not stated), 1; chronic 
cardiac: disease, 1. 

Blood Controls, Surgical—Suppurative adenitis, 1; balanitis, 1; 
chancroids, 9; carcinoma, 11; condyloma acuminatum, 1; gonorrhea, 3; 
traumatic orchitis, 1; tumor of chest, 1; chronic ulcer of leg, 4. 

Blood Controls, Neurologic.—Cerebral tumor, 3; hemiplegia, 4 ; head- 
aches, 3; spastic paraplegia, 1; paraplegia, 1; vertigo, 1. 

Spinal Fluid Controls—Tuberculous meningitis, 9; cerebrospinal 
meningitis, 1; meningitis (variety not stated), 3; gastroenteritis with 
meningeal symptoms, 2; alcoholic cerebral edema, 1. 

The controls which gave a reaction may be divided into three classes: 
(A) scarlet fever, (B) leprosy and (C) miscellaneous. 

A. The frequent occurrence of a positive reaction in scarlet fever has 
been much discussed and, as the etiology of scarlet fever is unknown, 
has aroused some conjecture as to whether or not a spirochete may be 
concerned in the causation of this disease. Much and Eichelberg** report 
as positive, 50 per cent. of the scarlet fever bloods which they examined. 
Halbertstaedter, Miiller and Reiche*® report five out of ten cases, and 
Butler,** four cases, positive. On the other hand, many others report they 
have never obtained the reaction in this disease. My results are given in 
Table 11, where it may be seen that in eight cases of scarlet fever the 
Wassermann method gave positive results in 12 per cent. and the Noguchi 
in 37 per cent. 

B. Leprosy has been studied with the Wassermann technic by vari- 
ous observers. The most extensive observations are by Jundell, Elmkvist 
and Sandman,** who studied twenty-six cases, of which four gave the 
reaction. Of the four positive cases, three were of the tubercular and 
one of the maculo-anesthetic type. My results are shown in Table 12. 


28. Much, H., and Eichelberg, F.: Med. Klinik, 1908, iv, 671. 
29. Halbertstaedter, L., Miiller, E., and Reiche, A.: Berl. klin. Wehnschr.. 
1908, xlv, 1917. 

30. Butler, W. J.: New York Med. Jour., 1909, Ixxxix, 207. 

31. Jundell, I., Almkvist, A., and Sandman, F.: Centralbl. f. inn. Med., 1908. 
xxix, 1181. 
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Of three cases, one gave the Wassermann, two the Noguchi reaction. With 


the Wassermann method inhibition was only partial, while with the 
Noguchi it was complete. 

C. We now come to a class of cases, the miscellaneous group, which 
are of the utmost importance in the determination of the reliability of 
this test. These are summarized in Table 13. 

Among these, only one gave the Wassermana reaction. This patient 
was a boy with varicella who presented strong evidence of congenital 
syphilis. No family history pointing to syphilis could be obtained and, 
unfortunately, the case disappeared from observation so that the test 
could not be repeated after the varicella had subsided. Hence it could 


not be accurate determined 


whether this disease was the cause of the 

reaction or not. Two cases of arthritis deformans gave a positive Noguchi 

reaction; this is of interest in that Noguchi has found that his test fre- 

quently gives inhibition in this disease. In most of the other cases giving 

the reaction the blood was sent for diagnosis, the clinician suspecting 
ba 


yphilis in each case, but having little evidence to substantiate this diag- 


ey 


1 


nosis. Syphilis could not be absolutely excluded in any instance. 


} 


Noguchi ascribes great Importance to the various grades of reaction. 


} 1s) 


Complete or marked inhibition he regards as diagnostic, while slight inhi- 


bition he considers as an indication for further treatment in those cases 
in which the diagnosis of syphilis has previously been made. The seven- 
teen cases (No. 381 is considered as one) reported in Table 13 show three 
with complete and eleven with marked inhibition, or a total of fourteen 
diagnostic reactions. This number of positive results in non-syphilitics 
would appear to be too high for unconditional acceptance of the method. 

The cause of the increased sensitiveness of the Noguchi method is 
apparently due to two factors: First, a small antibody content is not 
masked by the presence of a large amount of native hemolysin; second. 
the serum used is not inactivated. Sachs** last year called attention to 
the fact that active serum gave a stronger reaction than inactive, but that 
with such serum positive reactions were obtained in non-syphilitie indi- 


21 reported similar results and has shown that active serum 


viduals. Boas 
is two to four times more powerful than inactive, and that the reaction 
appears earlier and persists longer with active serum. He further pre- 
sented a list of forty-five non-svphilitics giving a positive reaction with 
active serum, but reacting negatively when the same serum was inacti- 
vated. From his work he concludes that it is not safe to emplov active 
serum, and condemns the Tschernogubow method because such serum is 





82. Sachs: Verhandl. d. deutsch. Dermat. Gesellsch. X Kong... 1908. p 167. 
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used. Ap] lication Ol such observations and deductions to the study ol 


the Noguchi method leads to the conclusion that both the increased num- 
ber of specific reactions and the few non-specific ones are due to the us 
of active serum. This does not destroy the value of the Noguchi method, 
because inactive serum can readily be employed instead of active. Re 
ferring to Table 13 it will be noted that the last eight cases gave results 


corresponding to the Wassermann reaction when inactive serum was used 
In these tests the active serum was employed in the amount of one drop, 
which corresponds to 0.02 c.c. With the inactive serum 0.08 c.c. was used, 


the proportion of human serum to guinea-pig serum being two to one, thi 


same as is employed in the Wassermann reaction. I believe the use « 


tive serum explains the non-sp ec reaction with the Nogu method 
mn some cases an m now working on this phases e questior | 

+ | ] 
S LS ¢ S \ \ sno ¢ sned 





( s technic make 1t most attractive [he sn umount serum r 
( ed ( se ( ex Y the reagents y + ; sn 
require a constant sup of sheep’s nt points in 
vO t to 1 nto the nds ! I s seems t 
most undes Gor nt ls ire nee ene St in ri < 
that are introduced the mor rate s, Onlv those havi 
special training in hemolytic work and serum diagnosis can appreciate the 
ifficulties of such a complicated method. To obtain reliable results th 
vo! Ss be don nder favora l I ne who S$ el 
trained 11 iDO oO! ! ds. To 1 ‘ il in tl han 
nexperienced workers would bring t ! repute, for r¢ ts 
would be too uncertain. The enormous respons ssumed hb I I 
making a diagnosis would seem to re e at least as n I 
is expected of a bacteriologist or clinical laboratory worker 
CONCLUSIONS 
1. The Wassermann reaction is a fairly definite diagnostic m: 
A positive reaction practically always means syphilis. Negative finding 
give only presumptive evidence of the absence of syphilis 
2. The Bauer modification is not reliable because of the inconstant 
content of native hemolysin to sheep cells. A large anti-sheep hemolvt 
content will mask a partial complement fixation 
3. The Noguchi reaction is more readily applied and the materials 
are more easily procured and kept than with the Wassermann method 
It is also more sensitive than the Wassermann reaction. This increased 


sensitiveness however. sometimes eauses a positive re iction wit] non 
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specific sera which give a negative Wassermann reaction. Experiments 
now under way seem to indicate that this may be avoided by the use of 
inactive serum. 

I wish to express my thanks to Dr. Noguchi for instruction in the technic of 
the original Wassermann method, for placing the technic and materials for his 
method in my hands, and also for controlling in large part the early portion of 
my work. 

The clinical material for this work has been obtained through Dr. Fordyce, 
who placed the cases in the dermatologic department of the College Clinic and in 
his wards at the City Hospital at my disposal, also through Dr. Van der Poel, 
of the genitourinary department, Drs. Stevens and Barringer, of the out-patient 
department of Bellevue Hospital, and Drs. Norris and Crowell of the pathologic 
staff of Bellevue Hospital. To these gentlemen, as well as to Dr. R. J. Wilson, 
of the Willard Parker Hospital, and to Drs. Joseph Collins, I am deeply indebted 











THE MUCH-HOLZMANN SERUM REACTION IN INSANITY * 


4. J. ROSANOFF, M.D. 
KINGS PARK, N. Y. 

While the present trend in psychiatry seems to be mainly in the dire 
tion of psychogenic causes in the etiology of the so-called functional 
insanities, yet from time to time cases are reported or in other ways facts 
are brought to light which would indicate that the toxic theory of the 
origin of these conditions is, at least for the present, not to be definitely 
discarded. 

In a brief preliminary communication published a short time ago* 
H. Much describes a new serum reaction which he found to be almost 
specific for dementia precox and manic-depressive insanity. ‘This reac- 
tion is based on the alleged power possessed by the serum in cases of 
these conditions of inhibiting the hemolytic action of cobra venom on 
human red blood corpuscles. 

With the collaboration of W. Holzmann he examined the blood in 
four hundred cases, including, on the one hand, various forms of insanity 
and, on the other hand, many different physical diseases without mental 
disturbances, and found this reaction always present in cases of manic- 
depressive insanity and dementia precox, regarded as such in the strictly 
limited classical sense, according to Kraepelin ; he also found it in some 
cases of epilepsy with periodically recurrent mental disturbances; 
further, he found it in sane persons belonging to families in which 
insanity existed. 

These remarkable results led me to apply this reaction in a series of 
cases of various forms of insanity at the Kings Park State Hospital, and, 
for the purposes of control and comparison, in a number of normal 
persons. 

The technic of the reaction, as described by Much and Holzmann, is 
as follows: 0.35 c.c. of serum is mixed with 0.25 c.c. of a 1:5000 solution 
of cobra venom; to this is added 0.5 c.c. of a 10 per cent. suspension of 
human blood corpuscles (prepared by allowing blood to flow into normal 
salt solution containing 2 per cent. of sodium citrate, washing the cor- 


*I am indebted to Dr. H. Noguchi, of the Rockefeller Institute for Medical 
Research, for the impulse to apply the Much-Holzmann reaction in the cases cited 
in this paper and for invaluable assistance in making the hemolytic tests. 

1. Much, H.: Eine Reaktion im Blute von Geisteskranken. Miinchen med. 
Wehnschr., May 18, 1909. 
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uuscles twice with normal salt solution and finally making a suspension 
of the desired streneth): this mixture is placed in the incubator for two 
hours and then in the refrigerator for twenty-two hours, at the end of 


“a. } . } } 
| 


I have found it convenient to modify the technic to a sught extent. 


The stock solution of cobra venom was prepared in the manner sug- 
gested by Much and Holzmann. namely. by making a 2 per cent. solution 
of the dried venom in distilled water and then adding an equal volume of 


ycerin; this solution was preserved by the addition of a few drops of 


chloroform and was further protected against putrefaction by being kept 
n the refrigerat For use it was diluted with normal salt solution 
until a solution of the strength of 1:5000 was obtained. ‘The cobra 
venom whi I used was from a specimen in possession of Dr. H. 
Noguchi of the Rockefeller Institute; by titration this specimen of venom 
was found to be so actively hemolytic that the relative quantity of the 


solution employed in the reaction had to be reduced to a little over one 
alf of that employe D Much and Holzmann. ‘The proportions of the 
other ingredients in the reaction—serum and suspension of blood 


corpus- 
} | 


cles—were not changed, but their absolute quantities were reduced in 
order to avoid taki innecessarily large quantities of blood. 

From 1 to 1.5 ¢.c. of blood taken from the lobe of the ear supplied 
the amount of serum which I used in the reaction, namely, 0.2 ¢.c.; to 


this was added 0.08 c.c. of the 1:5000 solution of cobra venom and 0.3 


c.c. of blood corpuscle suspension. In the control tubes 0.2 c.c. of normal 


salt solution was used in place of serum. 


Complete hemolvsis occurred in the control tube almost aiwavs befor 


} 


t occurred in any of the other tubes, so that it became evident that prac 


tica all serums ul some slight power of inhibiting the hemolvti 
action of cobra venom on human blood corpuscles. On the other hand, 
complete inhibition of hemolysis did not occur in a single instance. Thus 

reaction became merely a test of the relative degree of this inhibiting 


power possessed by a given serum. Therefore, I took the readings, as 


suggested by Much and Holzmann, at the end of twenty-four hours (two 


hours in the incubator and twenty-two hours in the refrigerator), on 
thoroughly shaking the tubes. In taking the readings in this way | 
found no difficulty in distinguishing between a strongly positive reaction 
and a distinctly negative one; but in many instances of moderate inhibi- 


tion of hemolvsis I was unable to make the distinction satisfactori] 


for this reason, in tabulating my findings, I counted as positive (—-) 


all cases in which the mixture in the tubes on shaking showed complete 
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opacity, as slightly positive or d 


yubtful (++) all cases in which there 


} } 


was opacity with a distinct laked appearance, and as negative ( ) al 


cases in which the tubes showed any degree of transparen 

The cases used in this investigation were carefully selected from th« 
large amount of such materia! that is available at this hospital with a 
view to excluding all but perfectly typical cases in which the diagnos 
were as neal certain as possible: thus in all the cases general paresis 
the clinical diagnosis had been corroborated by lumbar puncturé '¥ 
this there were, however, five exceptions: in four cases there were symp 
tom-complexes resembling manic-depressive insanity, but running a 
chronic course with no remissions or alternating phases; these cases forn 
n the table of findings a separate group designated “chronic psychoses 
allied to manic-depressive insanity”: and one case, which presented a 


ciinical picture of dementia precox, showed, 1n addition, some evidences 


of organic brain disease, and appears in the table as “psye osis allied to 
dementia precox.” 

The specimens of serums assumed to be normal were obtained fron 
officers and employees at this hospital, who kindly consented to vive some 
of their blood not only for the purpose of furnishing the serum, but also 


for preparing he suspension of blood corpuscles used in the 


take this opportunity of acknowledging n 





As will be seen from the figures in the table, the serums of some of 


the apparently normal persons showed a positive reaction. The stat 


ment of Much, to the effect that this reaction mav be found in the s 


of sane persons belonging to families tainted with insanity, has already 

been referred to. I regret to have found it impracticable to inquire into 

the matter of insane heredity in my cases. The following table shows my 

findings: 

TABLE ] Meucen-HoLtzMaAnw~w REACTION 
Mental Disorder fetal N 

Dementia priecox ss ? 14 

General paresis 35 ) ; 7 

Epilepsy with insanity 12 ' b 
S ] b 


Polyneuritic psychosis 
Manic-depressive insanity 


Involution melancholia 10 ) 0 9 
Senile dementia 1] ) ] 10 
Arteriosclerotic brain disease 6 T ; ; 
Infantile cerebral palsy 5 ) 

, “ 0 > 


Paranoie condition 2 
Cerebral syphilis 


Chronic phychoses allied to manic depress 

insanity j ? l 
Psychosis allied to dem. pra ] ‘ 0 | 
No psychosis vi ) »gG 
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In 109 of the above cases the serum was examined also for the Was- 
sermann reaction. In order to determine whether there is any relation- 
ship between the Much-Holzmann reaction and the Wassermann reac- 
tion I have tabulated my results. 


rante 2.—Mucu-HoLzMANN AND WASSERMANN REACTION 


Wasser- Much-Holzmann Reaction. ——————————_- 
mann No. of + + omm 
Reaction Cases No No. ¥ No. % 
+ 26 8 30.8 2 7.7 16 61.5 
+ 13 ] 7.7 2 15.4 10 76.9 
— 70 12 17.1 10 14.3 48 68.6 


SUMMARY OF FINDINGS 


1. Practically all human serums possess the power, in a more or less 
pronounced degree, of inhibiting the hemolytic action of cobra venom 
on human blood corpuscles.* 

2. A comparatively high degree of this power, which constitutes the 
basis of Much and Holzmann’s reaction, is not strictly specific for any 
psychosis, being found with greater or less frequency in almost all 
psychoses and in the blood of a considerable percentage of persons who 
are apparently normal (8.1 per cent. in the series cited in this paper). 

3. This reaction was present in more than half of my series of cases 
(57.9 per cent.) of dementia precox. As it appears to be much more 
common in this condition than in any other, it may prove to be a diagnos- 
tie aid; it would seem that the presence of this reaction in a psychosis 
should add, in the consideration of the diagnosis, some degree of prob- 
ability in favor of dementia pracox. 

4. Of a series of fifteen typical cases of manic-depressive insanity not 
one gave a positive reaction, and in only one was the reaction doubtful, 
being clearly negative in al] the rest. I might add here that two of the 
patients had recovered from their psychosis when their blood was exam- 
ined. 

5. There is apparently no relationship between the Wassermann reac- 
tion and the Much-Holzmann reaction. 


2. For a complete presentation of the subject of venom hemolysis see Noguchi: 
Snake Venoms, chap. xvi (published by the Carnegie Institution, Washington, 
D. C., 1909). 
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CHICAGO 


] 


Bacteriemia now is recognized readily by means of blood cultures and 
a blood culture in febrile patients has come to be a not unusual routine 
in many hospitals. The technic is so simple that it may be successfully 
done at the bedside in private practice and the culture media may be 
transported a considerable distance to the laboratory. With a sharp 
hypodermic needle the blood may be withdrawn from a prominent sub- 
cutaneous vein without noteworthy pain or danger. ‘The blood cul- 
ture enables one to recognize more readily the infectious character of the 
disease. With an infection proved, the interpretation of the physical and 
clinical phenomena becomes rational. On this a definite diagnosis may 
be made and the prognosis becomes more certain. ‘The treatment neces 
sarily becomes more definite, rational and conclusive. 

Before the use of blood cultures infectious endocarditis, termed 
malignant, ulcerative, etc., was sometimes recognized during life by the 
signs of local heart lesions, petechial spots of the skin, emboli of larger 
vessels, splenic enlargement and tenderness, microscopic and sometimes 
macroscopic hematuria, subcutaneous, often painful, reddish nodules, a 
not infrequent cough with or without bloody sputa, a septic temperature, 
sometimes very mild, at other times severe, rapid heart action, and, 
finally, a failing heart with dyspnea, cyanosis and death. 

Every practitioner, especially if he has opportunities for hospital 
observation, has seen many patients suffering from what he believed to 
be infectious endocarditis, but has been unable to prove the diagnosis 
during life, and frequently a postmortem was not permitted. 

In the patients who suffer from an infectious endocarditis implanted 
en an old lesion the clinical phenomena which are present even when first 
seen are those of broken heart compensation. There may be a septic tem 


erature of moderate degree. The pulse may be that of ordinary broken 
eart compensation. There will be evidences of a widely dilated heart, 


cyanosis, a swollen, tender liver and more or less anasarea. The infec- 


tious nature of the condition could not 


ilood eulture. 


Read in 
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Since blood cultures have been practiced the literature abounds in 
reports of infectious endocarditis, both chronic and acute. In man 
instances reports are made of cases in which the infectious organism was 
demonstrated during life by blood cultures, and in many others tlh» 
inference is made that the disease was an infectious endocarditis becaus 
of the symptoms and the clinical course, but no positive evidence is fur 
nished by blood cultures or by postmortem. 

The series of cases on which this report is based have been proved 
Lv blood cultures made in all but one instance during life to be of infe 
tious tvpe In one the bacterium was obtained immediately after deat! 
by paracentesis of the heart and the culture grown from the blood s 
obtained. 

Only one acute case is included in this series and that one because it 
affords means of comparing the clinical course of the acute with that o 
the so-called chronic cases. 

Osler’ gives a classical description of chronic infectious endocarditis 
with a report of a series of ten cases. In the majority of the case- 
reported by Osler the disease extended over a long period ; the shortest 
four months and the longest thirteen months. As stated by him, the 
disease may be manifested by a slight feverish condition only and may 
be prolonged for weeks or months. I think other symptoms usually ar 
present, but esca pe notice because no definite obse¢ rvations are made o 
such patients. The cases are often mistaken for colds or beginning tuber- 
culosis, and for various other conditions which are often thought to bi 
simple and unimportant Many suffer from chills of varving severity 
coming on at irregular times and followed by fever and sweat. It is not 
strange, therefore, that malaria is considered the cause in manv instances. 
and quinin may be given for a considerable period of time without 
benetit 

In infectious endocarditis, especially of the chronic type, occurring 
in those patients who have not suffered from a chronic valvular disease 
or other anatomical lesion of the heart, the symptoms may be mild, lik 
those given by Osler and observed by many clinicians. 

In the series of fourteen cases presented in this report the diseas: 
manifested itself clinically over varying periods of time. In one patient 
(Case 1) the symptoms began two vears before the real condition wa- 
recognized. Case 8 began fourteen months before a definite diagnosis was 
made. Patient 13 probably suffered from the disease for more than tw 


vears, and in the earlier part of the illness the diagnosis of tvphoid fever 


1. Osler, W Quart. Jour. Med., 1900, ii, 219 
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was made for a condition which was, 1 


} 


1 all 


probabil 


carditis: the diagnosis having been based on the fact 


and splenic enlargement. No rose spots were found, 


no diarrhea, and the Widal reaction 

shortest clinical course was that in Cas« 

hether the infection did not occur lo 

clinical course of many of the cases one 
infectious endocarditis.” 

\nother important characteristic o 

they are ambulatory in many instances 


fered from an infectious endocarditis 


il 


Was 


hey 


lor 


finally became bedridden and during that time trave 


Was » a8 manifested by a poor appe 


slight rise ot temperature. 


tite, 


Patient 6 was a student 


the clinical course evinced lmportant illness, and fi 


eaving the university, while she remain 


| 
et 


finally traveled bv rail for the consultation, when 


itv, Intectious endo 


that there was 


was recognized. Patient 8S traveled from lowa to C] icago suffer ny 


(ivspnea on exertion, general weakness, 


he 


heart, and so forth. and had been in a condition qu 


account given bv her, for a vear. Pat 
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l ir 
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Endocarditis.*. In his report the number suffering from pneumococcemia 
was less than one-third of those suffering from streptococcemia. 

In communicating with clinicians in various cities I find that they 
report streptococcus infection of the endocardium to be much more preva- 
lent or frequent than pneumococcus infections. Dr. E. C. Rosenow* has 
made the ba teriologic investigations in these patients. He has already 
made a report® on the cultural characteristics and the results of animal 
experiments with the pneumococcus found in these patients. 

The organisms obtained in the eleven patients suffering from pneu 
mococcemia had many of the morphological characteristics of strepto- 
cocci. Study of the organisms in culture and in animals proved that 
they were the pneumococcus. In the three patients included in this 
series the study of the organism which was called the streptococcus was 
not afterward made as in the other patients, and it is the belief of Dr. 
Rosenow that, had the organism of these three patients been studied as 


in other cases, all would have proved to be the pneumococcus, 


PNEUMOCOCCUS CASES: CHARACTERISTICS OF ORGANISMS ISOLATED FROM 


THE BLOOD OF THE ELEVEN PATIENTS OF THIS SERIES 


The cocci all produced fine colonies in blood-agar plates surrounded 
hy a variable zone of greenish discoloration. Hemolysis did not occur. 
When grown in isolated colonies on the surface of the blood-agar slants 
they all had a greater or lesser tendency to adhere tightly to the surface. 
The more chronic the case and the later in the course of the disease the 
organism was isolated, the more marked was this tendency of the organ- 
sm to adhere to the surface of the medium. 

Unlike the ordinary pneumococcus found in pneumonia, the organism 
grows readily in the fibrin clot of the broth of the blood culture in larg 
clumps or colonies. The fluid portion often remains perfectly clear for 
twenty-four to forty-eight hours, after which time a diffuse or flocculent 
cloudiness appears, and an abundant sediment, which consists of masses 
or clumps of bacteria, precipitates. ‘The organism is Gram-positive, 
usually is not surrounded by a capsule, and, when grown in broth or 
litmus milk, it forms diplococci with many very long conglomerate 
chains. 

3. Hordes, T. J Quart. Jour. Med., ii, 289, 1909. 


4. The Dane Billings Fellow in Medicine in Rush Medical College and a 
in research in the Memorial Institute for Infectious Diseases, Chicago. 


worker 
5. Rosenow. E. Jour. Infeet. Dis... vi, 245. 1000 
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In the beginning it usually ferments inulin slowly, but this property 
soon is lost. 

After cultivation on artificial media, usually it promptly loses the 
property of adhering to the surface, and later ceases to grow in chains and 
reverts to the characteristics of the typical pneumococcus. On passage 
through animals it often reverts very promptly to the type which is char- 
acteristic of the ordinary pneumococcus. 

When first isolated they were all freely susceptible to phagoc Vtosis 
in normal blood, and also in the patient’s blood. 

Cultures from all patients show a characteristically low grade of viru 
lence to animals. Before the tendency to adhere to the surface is lost 
a primary injection of a huge dose intraperitoneally, intravenously or 
subcutaneously, or in all three places at once, is apt to produce endo- 
carditis and pericarditis, but not peritonitis or subcutaneous abscesses 
The tendency to produce endocarditis and pericarditis is very striking in 
all the animal experiments, quite regardless of the point of inoculation. 

After the tendency to adhere to the surface is lost huge doses a 
practically never fatal, nor is endocarditis or pericarditis produced by 
the inoculation unless combined with injury of the endocardium, and 
then only rarely. Instead of rendering the animal more resistant to 
subcutaneous injections, as is the rule with the pneumococcus, injections 
of the modified strain render the animal more susceptible. After thi 
second or subsequent injection several things may happen. First, thi 

animal may die in a few days of a pneumococecus. The culture from 
the dead animal’s heart blood resembles ordinary virulent pneumococ 
Second, pericarditis and endocarditis, or pericarditis alone, may occur: 
and the characteristics of the organism obtained from the dead anima 
more nearly resemble those of the inoculated bacterium than of thx 
ordinary pneumococcus. Third, in two instances, after two and thre 
weeks respectively, the animals died of pneumonia, and the isolated organ 
ism from the dead animal resembled typical pneumococci. 

This description corresponds in some respects with the statement 
made by Dr. Horder* in which a typical form of streptococcus is describ 
bY Dr. H. Thursfield. 

It is to be hoped that others may study the streptococcal forms 
obtained from the blood in infectious endocarditis and other conditions 
as has been done by Dr. Rosenow. It may result in the establishment 
of the fact that the pneumococcus is the most frequent infective agent 


in endocarditis. 


6. Horder. T. J Quart. Jour. Med., ii, 300, 1909 
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rilE SOURCE OF INFECTION 


This mav in some instances be satisfactorily learned. In on 


1 


patient of this series the infectious endocarditis followed pneumonia. 


Tonsillitis had occurred in two. Alveolar abscesses occurred in two; 
vrip occurred in one. In the other patients the source of infection 
could not be Jearned. There can be no doubt whatever that simple 


local infection, like tonsillitis, as well as abscesses of the aural cavities, 
nfections of the poestnasal space of the antra, and so forth, may be the 
port of entry, 

In some patients of this series the infection was implanted on an 
old endocardial or valvular s¢ ar. An old heart lesion existed in seven 
patients, of whom six had suffered from rheumatic fever and one from 
chorea. Two of the patients gave no history and the question of previous 
heart lesion was in doubt. In five the infection had apparently been 
implanted on a normal endocardium or valve. 

The valves involved in the fourteen cases were as follows: aortic vals 
alone, one; mitral alone, seven; pulmonary semilunar alone, one; aortic 
and mitral together, five; mitral and tricuspid together, one. 

The evidence of heart lesion, as manifested by murmur, may be 
absent in the primary cases during the earlier part of the disease, and 
sometimes throughout it. Case 8 was examined by very competent physi- 
cians for months before the diagnosis was made and no heart murmur 
vas heard. Case 10 had no murmur until about one month preceding 
death. 

Pneumococeal inoculations with dead organisms were used with mam 
of the patients and a careful study was made of the ordinary corpuscular 
clements of the blood, of the opsonic index, and of phagocytosis. It was 
found, among other things, that this organism apparently immunized 
itself against the antibodies of the host. a pring iple of infection first sug- 
vested by Prof. W. H. Welch. After inoculation leucocytosis was usually 
increased and phagocytosis was marked. The bacteriolytic power of the 
serum and of the leucocytes was, however, very low. The opsonic index 
was always increased by the injection. In some instances the tempera- 
ture of the patient became lower after the inoculation, but the physical 
symptoms did not improve. In some patients, after inoculation with a 
large dose, the clinical course was aggravated in every way by the inocu- 
lation. In Case 10 the patient was inoculated several times with dead 
autogenous organisms with the usval results. When the patient was 
injected with normal serum intravenously, a sharp reaction followed, 


manifested by chill and fever, and the number of bacteria in the blood 


was much less for a period. No permanent henefit resulted from the 
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ttempt to lurnish complement Hv the nyection of normal serun 


the atients suffering with streptococcus infection were nyected Ww 
intistreptococeus serum: Patient 11 with two, and Patient 9 with mai 
njections without benefit. 

The prognosis. with the present knowledge or want of knowledge 
eference to any specific treatment, 1s, In my experience, bad. 


The treatment should be absolute rest. with good air, sunshine, a- 


h simple liquid and soft solid nourishment as may be given, and thi 


se of those remedies which will conserve the pat ent’s strength and thre 


ctions of the organs without too much mischievous interferenc 


Inoculations of patients with large doses of their own dead pneumococe 


was always harmful. Observation of patients injected with even sma 


{ 


loses (2,500,000) leads me to believe that this form of treatment for 
niectious endocarditis clue to the pheumococcus s not only devo dl rT 
enefit te the patient but probably is harmfu 
PROTOCOLS OF CASES 
CASE 1 D. R.. male, single. aged 18, American, was admitted to the Presby 


terian Hospital, Feb. 27, 1904; died March 31, 1904. Autopsy. Diagnosis: Chronic 
infective endocarditis, pneumococcemia, mitral stenosis and regurgitation 

History At 5 vears old the patient had an attack of acute rheumatic fever 
when about 10. a second attack of rheumatic fever In the interval between the 
two attacks of rheumatism he was at times confined to bed with dyspnea and 


rapid heart action. During the second attack of rheumatism he was also troubled 


vith dyspnea to the degree of orthopnea. From 11 to 15 vears of age he was 
free from illness but noticed dyspnea on exertion At 15 vears of age he was 
contined to bed with an attack of weakness of the heart manifested by rapid heart 
iction and dyspnea rhe present illness began at about 16 years of age, that is, 
two vears before the patient came under observation, with an attack of what was 
ealled grip. This seizure was ushered in with a cold in the head, anorexia, nausea 
and vomiting, shortness of breath and orthopnea During the two vears he has 


been constantly ill, confined to the bed most of the time, disturbed by nausea and 


occasional vomiting, rapid beating of the heart, dyspnea, more or less cough, and 
lately most of all if he attempted to exert himself, and also when he attempted to 
lie down. He was always most comfortable when sitting No authentie history 


could be obtained of his pulse, temperature or respirations during this illness 


FE ramination (m admission the patient showed marked pallor of the skin 
ind mucous membranes There was a slight blueness of the finger-nails and 
visible mucous membranes rhe patient’s general nutrition was below par The 
tongue was gravish white: the tonsils somewhat enlarged and red The respira 
tions were increased but not labored. A marked precordial pulsation with svs 
tolic retraction was visible. There was one hazelnut-sized lymph gland in the left 
submaxillary region. No other lymph nodes were noticeably enlarged Palpa 
tion over the chest showed a marked tremor in the region of the heart but no 
thrill The left border of the heart extended 15 em. from the mid-sternum, t 
right 5 em. to the right of the sternal edge and the base was at the second costal 
artilage. The apex-beat was in the sixth interspace just outside the nipple line 
The heart action was rapid and of the gallop-rhythm type Many heart pulsa 


tions did not reach the radial arteries There was a loud musical systolic mu 
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mur heard in the mitral area and also in the left axilla and over the left scapula. 
There was also a very rough presystolic murmur heard in the mitral area and 
toward the sternum. The pulmonic second tone was markedly accentuated. There 
was no pulmonary dulness. The breath sounds were harsh and numerous mucous 
rales are heard on both sides, especially at the bases. The abdomen was flat and 
the abdominal walls thin. The liver did not extend below the costal arch and the 
spleen was not palpable. There was no edema of the extremities. The urine wa-~ 
scant, heavy, contained much lateritious deposit with a trace of albumin and a 
few hyalin casts and many moderately motile bacilli. On March 1 a twenty-four 
collection showed 600 c.c., specific gravity 1.032, a trace of albumin, a few hyalin 
and granular casts and many urates. 

Course of Disease.—The patient had a septic temperature ranging from 99.2 
in the morning to 101 or 102 in the afternoon. He gradually became worse, com- 
pensation became broken and venous stasis gradually developed with edema of the 
lower extremities, transudation in the serous cavities of the abdomen and chest 
and coincidently greater cyanosis. A blood culture revealed the pneumococcus in 
pure culture. In the latter part of the patient’s illness he became drowsy and 
finally passed into coma. Cough, which existed from the first, became worse and 
the sputum became blood-stained. Areas of dulness developed over the lungs in 
dicative of infarcts. The blood examination showed 5,500,000 red cells, 95 per 
cent. hemoglobin and 25,000 leucocytes on admission, and the leucocytes remained 
high throughout the illness of the patient. The patient died on March 31, 1904, 
and an autopsy was made a few hours thereafter. 

Anatomical Diagnosis.—Chronie mitral endocarditis with calcification and 
stenosis of the mitral orifice; chronic mural endocarditiis of the left auricle: 
fibrous adhesive pericarditis; acute vegetative aortic and tricuspid endocarditis: 
cardiac hypertrophy with dilatation, especially of the left auricle; recent pul 
monary infarcts of both lungs; terminal pulmonary edema with abscesses in the 
right middle lobe; passive hyperemia of liver, spleen and kidneys; hydroperi 
toneum; left hydrothorax; general edema; right serofibrinous pleuritis; caseous 
tuberculosis of tracheobronchial lymph glands. 

Cultures made from the heart’s blood and vegetation on the aortic and tri 
cuspid valves revealed the pneumococcus in pure culture. 

Case 2.—Mrs. C. P., housewife, aged 22, was admitted to the Presbyterian 
Hospital March 5, 1904; died March 19, 1904. Autopsy. Diagnosis: infective 
endocartis, pneumococcemia, mitral stenosis and tricuspid insufficiency. 

History.—Patient stated that she always had enjoyed a fair degree of health 
but had never been robust. Five years before coming under observation she suf 
fered from an attack of grip, and from that time dated the beginning of her pres 
ent illness. She never fully recovered her health and complained of shortness of 
breath on exertion, palpitation of the heart and general weakness. These symp 
toms gradually increased and for the past four months she had not been able to 
work. Edema occurred in the legs, which were more swollen during the day, and 
the face was swollen early in the morning. She suffered from a miscarriage four 
months before admission, and following this the edema appeared, with greater 
shortness of breath, which was aggravated on the slightest exertion. Cough had 
developed in recent time and was troublesome enough to keep the patient awake 
at night. 

Exramination.—On admission the patient sat propped up in bed. The face was 
flushed and there was a slight cyanosis of the skin and visible mucous mem- 
branes. Respirations were 30 to the minute. The throat was red and cyanotic 
but the tonsils were not enlarged. The resonance of the chest was normal and a 
few dry and moist rales were heard over both sides of the chest, especially at the 


end of deep inspiration. The apex-beat of the heart could not be seen but was 
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palpable in the fifth interspace just within the mammillary line. There wa- 
a faint systolic thrill. Dulness extended on the left 11 cm. from the midsternum 
to the second left rib above and to the right edge of the sternum on the right 
There was a loud rough systolic murmur in the mitral area with a marked a 
centuation of the second pulmonic tone. The pulse was very small and rapid 
110 to the minute. The abdomen was full, the abdominal wall tense and tende: 
ness existed over the upper portions. The liver and spleen could not be palpated 
A soft edema of the lower extremities extended to the knees. The finger-nails wer: 
cyanotic and the finger-ends slightly clubbed. The blood examination showed 
red cells, 5,100,000; hemoglobin, 92 per cent.; leucocytes, 8,300. Twenty-four- 
hour urine amounted to 400 c.c.; specific gravity, 1.014; urea, 3 per cent.; trace 
of albumin and a few hyalin and faintly granular casts. The patient’s temper 
ature was of a low septic type ranging from subnormal to about 99 in the 
morning to 100 to 102 in the afternoon. (See Chart 1.) 

Course of Disease.—Gradually the heart inadequacy increased with greate: 
dyspnea, cough and more marked evidences of venous stasis. On March 17 the 
patient complained of pain in the liver region which could be felt extending down 
ward to the level of the navel and was markedly tender. <A pleural friction was 
heard over the left lower lobe posteriorly. On March 19 a loud diastolic murmur 


— 
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Chart 1—Pulse and temperature curves in Case 2 Heavy line indicates 
pulse; fine line, temperature 


could be heard in the mitral area. A blood culture showed the pneumococcus in 
pure culture. The patient died on March 19, 1904, and an autopsy revealed the 
following: 

inatomic Diagnosis—Mitral stenosis; vegetative tricuspid endocarditis 
hemorrhagic infarcts and hyperemia of kidney, lungs, spleen and liver; hydro 
pericardium; hydrothorax; anasarea; localized left fibrinous pleuritis. 

Bacterial examination of the blood from the heart, from the lung infarcts and 
from the vegetations on the tricuspid valves revealed the pneumococeus in pure 
culture. 

CASE 3.—Miss A. S., aged 15, was admitted to the Presbyterian Hospital, May 
6, 1904; died June 6, 1904. Diagnosis: infective endocarditis, pneumococcemia 
mitral stenosis and regurgitation. 

History.—Patient’s previous health was good. In February, 1903, she sut 
fered from an attack of pneumonia. She was confined to bed for a month and 
never regained her strength. During the last year she had not been able to work 
and much of the time had been confined to bed because of general weakness 
dyspnea on exertion and palpitation of the heart. All of these symptoms had 
increased gradually and recently the patient had coughed a great deal 
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) Exramination.—On admission the patient’s face was flushed, slightly cyanotic. 
rhe visible mucous membranes were cyanotic. The veins of the neck were slightly 
enlarged and pulsating. The whole anterior chest heaved with each heart-beat. 
) fhe heart action was tumultuous and irregular. Respirations were rapid and 
: labored. The lung resonance was practically normal with relative dulness pos 
; teriorly and below rhe breath sounds were harsh, expiration prolonged and a 
: few moist riles were heard over the dependent portions of the lungs. The heart 


extends to the left 18 em. from the midsternum, to the second left rib above and 
5 em. from the right edge of the sternum. The apex impulse was diffuse in the 


: sixth interspace outside the mammillary line. A distinet tremor could be felt 
Y over the apex impulse. A loud, rough, double murmur could be heard; the sys- 
’ toliec murmur transmitted far to the left. The second pulmonary tone was much 
accentuated. A soft systolic murmur could be heard over the right fourth and 

fifth intercostal spaces. The abdomen was distended; the liver large, somewhat 

; indurated and very tender. The spleen was not palpable. There was slight 

i edema of the ankles and feet. Blood examination, 5,200,000 red cells, 100 per 
i! cent. hemoglobin, 15,000 leucoeytes. Blood culture on admission was negative. 


t On May 19 the leucocytes were 25,700, and a blood culture was negative. Urine 
: on admission was scant, specifie gravity 1.025; it contained a trace of albumin 


und a few hvalin and granular casts, 
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Chart 2.—Pulse and temperature curves in Case 3. Heavy line indicates 





pulse; fine line, temperature. 


Course of Disease The temperature throughout was of a septic character. 


The patient grew rapidly worse, there were increasing evidences of heart in 


adequacy manifested by greater dysjnea and cyanosis; edema of the lower ex 
tremities gradually increasing to general anasarea; cough with bloody sputum 
and evidences of consolidation of a part of the right lower lobe. The patient died 
of exhaustion on June 6, 1904, and an autopsy was not obtained. 

Puncture of the heart with precautions as to cleanliness was made immedi 
itely after death, and from the heart’s blood a pure culture of the pneumococcus 
was obtained. The temperature throughout was of a septie character. See 
Chart 2.) 

Case 4.—F. L.. male, single, aged 16, Italian, admitted to the Presbyterian 
Hospital, Chicago, Mareh 21, 1904: died April 13, 1904. Autopsy. Diagnosis: in- 
fective endocarditis, streptococcemia, mitral stenosis and aortic insufficiency. 

History.—tThe patient said that his only previous illness was an attack of 
chorea which occurred six years before admission. Since that illness he had 


never been quite well and had suffered from dyspnea on exertion and some palpi 
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tation of the heart He had smoked cigarettes to excess until seven months Ix 
tore admission The present illness dated, the patient thought, from the time ln 
iad chorea; but in spite of lessened strength and endurance, more or less palpita 


tion of the heart and shortness of breath, he continued his work until one veat 


before admission Phen these sysmptoms increased to such a degree that he was 
obliged to discontinue work. During the last vear he had been confined to tle 


house sitting In an easy chair or confined to bed. He had suffered a good deal 
from indigestion manifested by heaviness after meals and eruetation of gas \ 
month before admission he noticed for the first time that his feet were swollen 
ind two weeks later this swelling rapidly extended to the thighs, then to th 
scrotum, and finally to the abdomen. He had had cough with some blood-streaked 
sputum, had been short of breath, especially on the least exertion and had no 
ticed also a very rapid and throbbing heart action 


E.ramination On admission the patient is in orthopnea with rather marke« 


Ivspnea which was increased on the least exertion The lips and skin were 
slightly evanotie and pale. There was distinct pulsation of the distended veins 
in the neck rhe general nutrition was poor rhe lung resonance was practically 
normal and auscultation showed a few mucous réles distributed over both lungs 
most numerous in the inferior portions. The apex-impulse of the heart could be 
seen just outside the nipple line at the fifth interspace. There was systolic re 
traction in the third and fourth left interspace A distinct presystolie thrill 
could be felt to the left of the sternum with a distinct shock following the im 
pulse of the heart The heart dulness extended on the left 17 em. from the mid- 
sternum, to the second left rib above and 3 em. to the right of the sternum \ 


loud, rough, presystolic murmur and a rather soft blowing systolic murmur were 
heard in the mitral area. The systolic murmur was transmitted to the left axilla 


and seapula The pulmonary second was accentuated The radial pulse was 
rapid and weak. The abdomen was much distended. The liver was not palpable 
but marked tenderness existed below the right costal edge The spleen was not 
palpable Free fluid existed in the peritoneal cavity There was marked edema 


in the lower extremities, of the external genitals and also of the lower abdominal 
wall B 


April 1, 1200 e.c. of serous fluid were withdrawn from the peritoneal cavity it 


ood cultures made on March 25 and again on April 7 were negative. On 


‘ontained a preponderance of polynuclear leucocytes and was sterile. On admis 


sion the blood examination showed, red cells, 4.600.000; hemoglobin, 72 per cent 
leucoeytes, 11,600 

Course of Disease On April 7 the leucoeytes were 10.400 The urine was 
secant and remained so throughout the patient’s stay in the hospital In the 


manv specimens examined there was a trace of albumin, a few hvalin and granu 
lar casts and oceasionally a few red cells. The patient’s temperature was of an 
rregular septic type ranging from normal to 103 but usually was from 99 to 
100.5 in the morning and from 100 to 104.6 in the afternoon. Gradually the pa 
tient failed and died on April 13, 1904. The autopsy, made tive hours after death 
revealed 

{natomical Diagnosis Stenosis of the mitral orifice: acute vegetative aorti 
endocarditis: eardiae hypertrophy and dilatation; localized fibrinous pericarditis 
bilateral serofibrinous pleuritis; recent hemorrhagic infaret in upper lobe of right 
lung: pulmonary edema; hvdroperitoneum: anasarca; passive hyperemia of liver 
csidnevs and spleen 

Blood cultures made from the heart’s blood and vegetations on the aortic valves 
showed the presence of a streptococcus 

Case 5 S. N.. male, single, aged 21. was admitted to the presbyterian Hos 
ital. Chicago. April 23. 1907: died Julw 17. 1907 Diagnosis: infective endo 


earditis, pneumonia, mycotic aneurism and aortic insufficiency 
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History.—On admission the patient stated that he had been well until three 
years ago. At that time he suffered from an acute polyparthitis with fever. He 
was not able to walk for two or three months. Following this he suffered from 
palpitation of the heart and shortness of breath upon exertion. At times there 
was pain in the region of the heart. Five months before admission the patient 
suffered from severe headache, general weakness and poor appetite. There was 
shortness of breath on exertion and he suffered from throbbing and rapid action 
of the heart. A month later, with the continuation of the symptoms, there oc- 
curred a dull pain in the palm of the left hand. This shifted soon to the left 
hip and soon afterward disappeared. About a month before admission the pa- 
tient again suffered from pain in the left hip, knee and ankle and was treated 
for sciatica by a physician. Two weeks before admission this pain in the left hip 
became very severe and the sharpest pain was located just above the left hip joint 
and became constant. Since that time the pain had increased, had been throbbing 
in character and the hip had been very tender. During the last five months the 
patient had lost thirty pounds in weight. 

Evamination.—The patient lay on the right side; was very restless and ap- 
peared to be in great pain. His face was pale with a little cyanosis of the lips, 
finger-nails and visible mucous membranes. When he attempted to walk the pain 





Chart 3.—Pulse, temperature, leucocyte and pneumococco-opsonic index curves 
heavy line, leucocytes; broken fine line, pneumococco-opsonic index. Injections of 


in the left gluteal region was increased. The throat was normal. The lungs 
showed nothing abnormal. The apex-beat of the heart was in the fifth interspace 
just inside the mammillary line. There was no thrill. The left border of heart 
dulness extended 1 em. to the left of the left nipple and the right border was on 
the right sternal edge; the upper border at the third left rib. There is a soft 
diastolic murmur of low pitch heard best over the aortic area and transmitted 
down the sternum. The pulse was water-hammer in character and there was a 
capillary pulsation of the fingers and of the lips. The liver was palpable, soft 
and normal. The spleen was palpable, firm and moderately tender. The left 
gluteal region was swollen, elastic and very tender. There was a distinct pulsa- 
tion synchronous with the heart action. A distinct thrill was obtained on pres- 
sure over the swelling and a distinct bruit was heard on auscultation. The pulse 
of the popliteal arteries was equal. The blood showed 4,300,000 red cells, 70 per 


cent. hemoglobin and 6,900 leucocytes. 
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Course of Disease.—On April 30 the leucocytes were 13,600; on May 16, 14,300 
and gradually increased to about 23,000 on May 2 








then declined in number and 
on June 25 were 10,000. The hemoglobin gradually fell to 50 per cent, on June 
25 and the red cells to 3,300,000 on the same date. The urine was loaded with 
amorphous urates; specific gravity, 1.029; it contained a trace of albumin with 
a few hyalin and granular casts. Toward the end of the illness a few red cells 
were found in the urine. On April 30 blood culture revealed the pneumococcus in 
pure culture; again the same result on May 5. The temperature curve was dis 
tinctly septic as shown by the chart. On May 12 a needle was introduced into 
the aneurismal swelling of the gluteal region and pure bright blood was obtained 
at the depth of 3 cm. From this blood a pure culture of the pneumococcus was 
obtained. On June 16 a small pulsating mass was developed under the left jaw 
and grew in the last few days to the size of a walnut. It was distinctly pulsating 
and showed a thrill on pulsation and a bruit on auscultation. On June 24 a 
petechial rash appeared on the skin and conjunctiva. On June 19 in the after 
noon there suddenly developed a complete right-sided hemiplegia and the patient 
passed into coma and died. 

Beginning on May 14 the patient was vaccinated with his own dead pneu 


mococci. This was repeated on May 23, June 1 and 10 The result of these vac 
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ndicates pulse; solid fine li temperature: broken 


n Case 5. Solid heavy line 


lead organisms indicated by arrows 


cinations on the clinical course, the blood and the autogenous bacteria was prac 
tically the same as in other patients. See Chart 3 
CASE 6 Miss E. T., aged 18, schoolgirl, was referred to my consultation 


room by Dr. C. M. Johnson, of Harvard, Ill.; died Sept. 1, 1908. Diagnosis: in 


fective endocarditis, pneumococcemia and mitral insufficiency. 


History rhe patient came to Chicago with her mother, after traveling for 
two hours on a railway The history given was that she alwavs had been 
delicate and had suffered from all of the ordinary diseases of childhood rhe 


catamenia were established at 14 years and were of the twenty-eight-day typ 
From the time she was 12 to 13 years of age the patient suffered from epistaxis, 
which persisted until the nasopharynx was treated by a specialist. She was a 
student in the University of Illinois during 1907 and worked hard During t 
winter of 1907-8 she suffered from an attack of acute tonsillitis and was in bed 
for one week Following this illness she attended to her duties and returned t 
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> 4 CHRONIC INFECTIOUS ENDOCARDITIS 


her home in June At that time she reeognized that she was weak. had no en- 
durance, was very nervous, had no appetite, poor sleep, dyspnea on exertion and 
suffered from palpitation of the heart. 

Evramination When seen on July 14, 1908, the patient was pale, general 
nutrition poor, general muscular weakness manifested by tremulousness. The 
tonsils were only moderately enlarged and were not red or visibly infected. The 
left border of the heart extended 11 em. from the center of the sternum; the base 
to the left second rib and the right border to the right sternal edge. The apex 
beat was diffuse and the heart action tumultuous. Loud systolic and diastoi 
murmurs were heard over the whole precordia. A very loud rough systolic mur 
mur was heard in the mitral area transmitted to the left axilla and back. The 
pulmonary second tone was moderately accentuated. With the exception of a few 
moist riles over the bases, there was nothing abnormal to be found in the lungs 
rhe liver was palpable at the costal edge. The spleen was palpably enlarged and 


not tender The abdomen was contracted. There were no purpuric spots discern 
able The blood showed 3,500,000 red cells, 50 per cent. hemoglobin, 21,000 leu 
cocy tes \ blood culture made at this time showed 6,500 colonies of the pneu 
mococeus in pure culture from each cubic centimeter of blood. The urine showed 


a trace of albumin without other abnormal elements. The temperature was 101.6, 
the respirations 30 and the radial pulse 140 per minute. 


Course of Disease The patient was sent to her home with a letter to the 
physician indicating the diagnosis and treatment. She declined steadily. Two 


vaccinations of the autogenous pneumococcus were made on Aug. 7, 1908, and 
about one week later. Following the first dose of vaccine (200,000,000 dead 
pneumococci) there was less fever and the patient appeared brighter for two or 
three days. The second vaccination produced no apparent effect. On August 26 
there were three subcutaneous nodules which were small, slightly red and tender 
No petechial spots appeared. The patient died Sept. 1, 1908, and no autopsy was 
obtained 

Case 7 Miss S.. aged 21, student, seen with family physician, Dr. George 
Keenan at Madison, Wis., June 2, 1907; died in July, 1907. Autopsy. Diagnosis: 
chronic infective endocarditis, pneumococcemia and pulmonary vegetative valvu 
litis 

History.—The patient had always enjoyed good health until the beginning of 
the present illness, about fourteen months ago. During the latter part of the 
preceding year she was a student in the university and became nervous, languid, 
had a poor appetite and was obliged to give up her studies. During the summer 
vacation there was some improvement in the general condition, but no record was 
made of any physical examination during that time. She had not suffered from 
any local infectious disease like tonsillitis. During the fall of 1906 she attempted 
school work again but soon was obliged to give it up because of lessened strength 
and endurance, poor appetite, general nervousness and dyspnea on exertion. It 
was noticed that she was pale and there was a slight cough, especially on exer 
tion, which was believed to be due to a cold. During that time it was noted that 
the temperature ranged between 99 in the morning to 102 in the evening. A 
tentative diagnosis of probable tuberculosis was made and the patient was sent 
south for the winter. There she was out of doors and made some general im 
provement but remained weak, had a poor appetite, shortness of breath on exer 
tion and had more or less cough, especially after exertion or immediately after 
changing from a sitting to a standing position or immediately after lying down 
She returned to her home in the early summer and remained up and about. 

Examination.—The family physician finally was called and found an evening 
temperature of 103, a rapid pulse, a secondary anemia with 3,624,000 red cells 


6.500 leucocytes and 55 per cent. hemoglobin. The urine was normal A con 
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June 
al physical condition as mentioned above 


was noted but more particularly there was a rapid and tumultuous heart action 
together with murmurs during both phases of the heart action and heard over the 


whole precordia. No petechial spots co 
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by Dr. E. C. Rosenow, and the pneumococcus in pure culture was obtained 
Course of Disease Following this diagnosis the progress of the case was 
rather rapid and death followed early in July, 1907. In the interval betwee 
June 10 and the death of the patient she was inoculated with the autogenous 
dead pneumococcus in small quantities; not more than 2,500,000 to 5,000,000 of 
Dreoftem@teucocyt] Mag 
Indeaproturel es. 2! 3/ 41516] 7/6] Ofiolr: fr2]1 sa) 5/16): 7/18) 9120 
+ - 7 
mpesotiiTiiitiiiitii ti 
20 105 16,000 oS oe } + a—+ +—+ 1 8) de’) +— 
181102] 14,000 TT RIK SA liig 
ifie Triaiia Ve ve CC 
1.6 }10 12,000 + : Jai d bd) hf he} + 
14 fi00 | 10,000 | fj A {helt tet | 
124,99 8,000 jy Ww " : > i 3 
10] 98] 6000 7) | | | rest Lal el 
| | | j= ines | 
8 97 4000 ; f 2e8 + gt | "9 fil 
6] 9} 2000 } | | {ttt jet +1 dt 
4} 95 | oe 
Chart 4.—Pneumococco-opsonic index, temperature and leucocyte curves tn 
Case 7. Solid heavy line indicates pneumococco-opsonic index; solid fine lin 
temperature; broken fine line, leucocytes (From the Journal of Infectious Dis- 
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just above the valve was ulcerated. At the point of the bifurcation of the pul- 
monary arteries there was a thrombus which was 0.75 cm. thick, solidly attached 
and could be followed to the left upper lobe where it ended in a softened infarct. 
Several small branches of the left pulmonary arteries were thrombosed. In the 
right lung was also an extensive thrombosis, in a branch which led to the left in- 
farct in the lower lobe. After removal of some of the thrombi from the smaller 
branches the intima appeared rough and even ulcerated. 

Bacteriologic Examination.—A pure culture of the Streptococcus pyogenes was 
obtained from the fluid in the peritoneum, pleural and precordial sac and from the 
heart’s blood as well as from the spleen, liver, heart and the large infarctions. 
The Staphylococcus aureus was also found in softened infarcts. Emulsions from 
the vegetations on the tricuspid valve and ventricle contained both streptococci 
and pneumococci, of which the former were the more numerous. 

Case 8.—Mrs. N. W., aged 35, first seen as ambulatory patient, Dec. 18, 1907; 
confined to bed at last account: Diagnosis: chronic infective endocarditis, pneu- 
mococcemia, mitral stenosis and cardiac dilatation. 

History.—The patient had borne three children; she had been fairly well until 
a year ago before she came under observation. There was no history of rheumatic 
fever or any other acute infectious disorder. During the last year she had been 
treated for various complaints including possible pulmonary tuberculosis and be- 
cause of the latter diagnosis had lived much in the open air and had attempted 
to exercise, even when this caused great discomfort. When first seen the patient 
complained of shortness of breath on exertion, general weakness, some edema of the 
ankles and during the day an inability to lie flat in bed or on the right side, a 
sense of fulness and of oppression in the chest which amounted to pain on the 
slightest exertion. These symptoms began a year before admission and gradually 
increased to the maximum at the present time. 

Examination.—This showed marked pallor with cyanosis of the lips, visible 
mucous membranes and finger-nails. The mucous membrane of the mouth and 
throat was pale and there was no evidence of infection about the teeth or throat. 
rhe lungs showed a few moist and dry rfles over both apices and at the bases. 
rhere was no evidence of consolidation anywhere in the lung. The left border of 
the heart was 15 em. from the midsternum, the apex at the sixth interspace. 
There was a marked thrill at the apex. A rough presystolic murmur was heard 
in the mitral area and there was a very marked accentuation of the second pul- 
monary tone. The left auricle was much dilated. The right border of heart dul- 
ness extended 2 em. to the right of the sternum. There was no venous pulse in 
the neck. The abdomen was moderately distended. The spleen was not palpable. 
The liver could easily be palpated and was tender to the touch. 

Course of Disease.-—The patient was sent to the Presbyterian Hospital, where 
subsequent examinations confirmed the findings made above. The urine examined 
on several occasions showed a trace of albumin, with a few hyalin and granular 
casts. The temperature for nearly two months while the patient remained in the 
hospital was usually normal in the morning and from 100 to 101 in the afternoon. 
\ blood culture made on May 5, 1908, gave a pure culture of the pneumococcus. 
Immediately after this the patient returned to her home in Iowa, where she was 
under the care of a local physician who was directed to keep the patient in bed 
under hygienic surroundings and to attempt to improve the resistance of the pa 
tient by supporting treatment. On Sept. 19, 1908, an inquiry was made by letter 
and the statement came back from the husband of the patient that she was not as 
well, was very weak and confined to her bed with a low form of fever. The pneu- 


mococcus obtained by culture resembled that obtained from other patients suffer- 
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ing from a like condition. A subculture of this organism was injéected into the 
vein of the ear of a rabbit and produced vegetative aortic endocarditis from which 
the animal died. 

Case 9.—Mr. E. H. B., aged 29, single, clerk, was seen in consultation with 
Dr. Blatchford, of Chicago, in July, 1905; died in November, 1905. Autopsy: Diag 
nosis: chronic infective endocarditis, streptocoecemia, aortic insufficiency and 
mitral insufficiency. 

History.—The patient had always been a vigorous, healthy man who had suf- 
fered from no important disease in his life. On April 10, 1905, he had a moder- 
ately severe attack of tonsillitis which confined him to his bed for three days. He 
then returned to work and appeared to be in the usual condition of health until 
the latter part of June, 1905. He then noticed lessened strength and endurance 
and was nervous and irritable. On July 24, 1905, his physician found him with 
a high fever and general prostration. 

Examination.—On July 25 the physician found the patient’s temperature 101 
F., pulse 90, respiration not accelerated. The only abnormal physical finding was 
some swelling of the left knee-joint with moderate tenderness and no redness. The 
first tone in the mitral area appeared to be somewhat impure. The hemoglobin 
was 95 per cent., red cells 4,900,000 and leucocytes 16,000. The differential count 
of the leucocytes showed a normal condition. On Aug. 1, 1905, Dr. E. C. Rosenow 
made a blood culture and isolated an organism which appeared to be a streptococ- 
cus in pure culture. When inoculated in large doses into animals the organism 
appeared to be of a low grade of virulence. 

Course of Disease-—On August 2 an aortic systolic murmur was heard and 
the left border of dulness extended 10 em. to the left of the midsternum. On 
August 4 there was pain and swelling of the left ankle lasting for a few hours. 
On August 20 there was a slight swelling and tenderness of the right wrist. On 
Sept. 5, 1905, there was severe abdominal pain lasting for twelve hours, the cause 
of which was not clear. During August and September the leucocyte count varied 
between 14,000 and 25,000 with a normal proportion of the various white cell 
elements. During August a diastolic aortic murmur developed and later a mitral 
systolic murmur was heard. The temperature was of a septic type about 99 in 
the forenoon and varying from 100 to 104 in the evening. About every six to 
eight days there was usually a sudden elevation of temperature without chill 
which was accompanied by an increased leucocytosis. Petechial spots appeared a 
short time before death in the latter part of November, 1905. During the latter 
part of the illness there was dilatation of both sides of the heart with a loud sys 
tolic murmur, heard in the mitral area and transmitted to the left and a soft 
blowing diastolic murmur in the aortic area transmitted down the sternum. The 
spleen was palpable and tender, the liver slightly enlarged and tender, and the 
urine contained a trace of albumin, a few hyalin and granular casts and a few 
red cells. An autopsy was held. 

{natomical Diaqnosis.—Acute vegetative and ulcerative endocarditis of the 
aortic and mitral valves with aneurism of the aortic valve and beginning dissect- 
ing aneurism of the aorta; hypertrophy and dilatation of the heart: ecchymosis 
of pericardium; fatty degeneration of myocardium; hydropericardium; hydro- 
thorax; hydroperitoneum; passive congestion of liver and spleen; acute nephritis; 
old and recent renal infarcts with deformity of right kidney; periappendiceal ad 
hesions. 

Bacteriologic Examination.—Cultures from the heart valve showed the strepto- 
eoecus alone. Cultures from the kidney were sterile. The organism found in the 
cultures from this patient’s blood and from the vegetations on the heart valve 
was called the streptococcus. As stated above, it was of low virulence, for when 
injected into animals in large amount it did not cause death. At this time sub- 
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cultures of the organism were not studied by Dr. E. C. Rosenow as was done im 
subsequent cases. This so-called streptococcus grew in plate cultures and showed 
the lessened virulence of strains of organisms obtained from other patients when 
given in subcultures, injections of which into animals was followed by recovery 
and which proved to be the pneumococeus. In all probability therefore, the organ- 
ism found here was the pneumococeus but is presented in this group of cases of 
the streptococcus. The vegetations on the valves grew in a dense mass as in other 
cases of pneumococcemia and endocarditis. 

This patient had been repeatedly treated with injections of a commercial anti 
streptococeal serum without benefit. 

Case 10.—Mr. J., aged 52, lumberman, was seen with his physicians, Dr. 
MeKechnie and Dr. J. L. Miller, of Chicago, in November, 1908; died March 4, 
1909. Autopsy. Diagnosis: infective endocarditis, pneumococcemia, mitral in- 
sufficiency. 

History.—The patient had been a strong and healthy man all his life. His 
business cares were great. He was addicted to tobacco and the overuse of alcohol. 
No history of venereal disease could be obtained. Off and on for several years he 
had suffered from various muscular ailments and disturbances of the digestive 
organs due to habits of life but had never presented any evidences of physical 
disease of importance. During the summer of 1908 the patient suffered from 
abscesses about the gums with pyorrhea alveolaris. This had noticeably infected 
the right upper second bicuspid tooth and an abscess developed also over the left 
upper first molar for which he received treatment from his family dentist. Dur- 
ing the late summer of 1908 the gums and teeth were in bad condition, many of 
them loose. In July, 1908, the patient noticed a lessened strength and endur- 
ance; at times was chilly and when the temperature was taken on a few occa- 
sions it was found to range as high as 100. No record of the temperature was 
kept at this time and the feeling of ill health was supposed to be due to over- 
work. At this time it was noticed, too, that he had transient attacks of pain 
and some swelling in the various joints, especially of the feet, which appeared to 
be definite rheumatism. In the early part of November he was on a hunting and 
fishing trip and returned home in a worse condition than before his vacation. His 
physician found on examination no special physical disturbances except slight 
swelling and tenderness in the right great toe-joint. This was diagnosed as gout. 
The patient remained at home from this time on, with a gradual loss of strength 
and temperature ranging from 98 to 99 in the morning to 100 to 102.5 in the 
evening. In the latter part of November, 1908, a blood examination showed 
11,000 leucocytes. To determine the cause of the temperature a Widal test was 
made at the Municipal Laboratory of Chicago and was said to be positive. The 
patient was then placed on typhoid orders and treated as a typhoid fever patient 
for two or three weeks. He then suffered from a sudden left-sided hemiplegia 
with a rapid rise of temperature to 106. The temperature soon dropped to the 
former range; the hemiplegia improved and the patient returned to much the 
same condition as before. The examination of the heart up to this time had been 
entirely negative. From this time onward a systolic murmur was heard occa- 
sionally and later became permanent. The left heart border was extended to the 
left and the pulmonic second tone was somewhat accentuated. 

Examination.—Farly in December I saw the patient with his physicians and 
confirmed the physical findings noted by them; that is, a septic type of temper- 
ature; a slight left hemiparesis; the patient conscious but answering questions 
slowly and taking but little interest in his surroundings; slight dilatation of the 
left heart with a mitral systolic murmur transmitted to the left and accentuation 
of the second pulmonic tone; the lungs negative; the liver palpable, enlarged and 
somewhat tender; the spleen not palpable; a few petechial spots in the skin in 
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various parts of the trunk and extremities. Blood cultures were made by Dr 
Ek. C. Rosenow on December 6, 1908. The first two blood cultures were negative 
but a third,and a fourth culture yielded the pneumococcus. Repeated Widal tests 
now proved to be negative. On December 13 the hemoglobin was 85 per cent., 
the red cells 4,000,000, the leucocytes 17,700 with a preponderance of polymorpho- 
nuclears. On February 22, 1909, hemoglobin was 70 per cent., red cells 3,200,000, 
leucoeytes 12.000. 

Course of Disease. The patient was vaccinated with his own dead bacteria on 
several occasions without any manifest signs of improvement. He was also given 
intravenous injections of normal human serum which were followed by a marked 
reaction consisting in a rise of temperature, rapid heart action, etc. The details 
of the results of these vaccinations and of the use of human serum will be dis 
cussed in a paper by Dr. kb. C. Rosenow. The patient continued in this condition 
until March 4, 1909, when he died from exhaustion. 

Unfortunately an undertaker had embalmed the body before consent was given 
for an autopsy. 

{utopsy.—This showed a markedly hypertrophied and dilated heart, vegeta 
tive and ulcerative endocarditis of the mitral valves, infarcts of the kidneys and 
spleen and fatty degeneration of the liver. Large massive vegetations were found 
on the mitral valve. These were grayish-red. Both anterior and posterior leaflets 
were involved. The growths were situated on the upper surface of the valves and 
extended for a distance of 2 em. into the auricle. The free margin of the masses 
of vegetations were necrotic. 

Case 11.—T. W., male, single, aged 35, was admitted to the Presbyterian Hos 
pital, Chicago, Oct. 7, 1905; died Nov. 17, 1905. Diagnosis: infective endocarditis 
streptococcemia and mitral insufficiency 

Present Illness.—The patient came to the hospital complaining of pain, weak 
ness and lassitude; shortness of breath on exertion; lessened appetite and poor 
sleep. He gave no history of previous illness of importance and a negative family 


inheritance. 


Physical Examination rhis showed slight blueness of the lips and visible 
mucous membranes and general pallor; throat normal. Lungs showed no evi 


dence of physical change; left border of heart dulness extends beyond the nipple 
line, the base to the third rib and the right border to the right edge of th« 


sternum. A rather loud systolic murmur replaced the first sound of the heart 
and was transmitted to the left. The arterial walls appeared to be thickened 
Che abdominal organs were negative. The blood pressure taken with a Stanton 


instrument was 155 mm. 

Course of Disease —On October 9 a few moist rales were heard at the bases 
of both lungs. There was cough with slight mucopurulent sputa which was nega 
tive for tubercle bacilli. A blood culture was attempted on October 17 and was 
negative. The urine on admission and during October showed diminished amount 
for twenty-four hours with a specific gravity ranging from 1.010 to 1.020 
albumin usually absent. A few hyaline and granular casts usually present and a 
few shadows of red cells were usually found. On October 25 a blood culture was 
made and a streptococeus-like organism in pure culture was obtained. On Octo 
ber 27 the spleen was palpable for the first time and petechial spots were noticed 
in the skin of the chest and abdomen. From this time onward petechial spots 
occurred in crops. On November 6 a second positive blood culture with the 
streptococcus was obtained. The urine contained at this time a few red cells and 
a few white cel!s with a trace of albumin and a few hyalin and granular casts 
On November 6 a blood examination showed 3,600,000 red cells, 16.450 leucocytes 
and 61 per cent. hemoglobin. The temperature of the patient during the stay in 
the hospital was of septic type ranging in the morning about 99 and from 101 to 





Se 

















428 CHRONIC INFECTIOUS ENDOCARDITIS 


102 and on a few occasions as high as 103 to 103.8 in the evening. The pulse. 
rate was rapid, 1anging from 100 to 120; respirations from 24 to 36. On Novem- 
ber 14 the patient received 20 c.c. of antistreptococcus serum and this was re- 
peated on November 15. There was no alteration in the clinical symptoms after 
the use of the serum and the patient died of exhaustion on Novmber 17. No 
autopsy was obtained. 

The organism isolated in this case, like that in Case 9, was not studied as 
carefully as the organism from later cases, but it had the morphologic character- 
istics of the organism which later also proved to be the pneumococcus. It is, 
however, classed as a streptococcus infection in this series. 

Case 12.—W. P., aged 35, male, manufacturer, was seen in consultation with 
Dr. H. B. Favill, of Chicago, in October, 1903; died. No autopsy. Diagnosis: in- 
fective endocarditis, pneumococcemia, aortic insufficiency and mitral insufficiency. 

History.—During childhood patient suffered from severe attacks of rheumatic 
fever in which the endocardium was involved. As a result he suffered during 
childhood and thereafter from a mitral insufficiency which became fully com- 
pensated and caused him no especial inconvenience excepting that with continued 
overexertion he suffered from a moderate dyspnea and palpitation of the heart. 
In the fall of 1902 the patient suffered from a low type of fever which was pro- 
nounced typhoid by the physicians in charge. The patient was confined to his bed 
or house for over two months and had a slow convalescence. There was doubt 
expressed by the physician who was in consultation at the time that this was 
typhoid, but in the absence of definite signs of any other disease, the patient was 
treated for typhoid fever. Following this attack the patient did not regain his 
usual strength and vigor. He appeared pale, listless and expressed himself as 
feeling weak and tired. He remained for a time at Hot Springs, Va., taking the 
baths, from which he received no benefit. During the early fall of 1903 he again 
was confined to his house and bed with a low form of fever which proved to be 
septic in character. He suffered from dyspnea especially on the least exertion, 
cough, rapid heart action and great nervous irritability. The heart was moder- 
ately dilated to the left and there was a loud rough systolic murmur heard in the 
mitral area which was transmitted to the left, and a soft blowing murmur in the 
aortic region transmitted down the sternum. 

Course of Illness.—The spleen became palpable, the urine contained micro- 
scopic blood with a trace of albumin and a few hyalin and granular casts. 
Petechial spots later appeared in the skin in successive crops. When the patient 
was seen in consultation with his physician, Dr. Favill, a blood culture was sug- 
gested which was made and proved to be a pure culture of the pnenmococcus. 
This was verified by subsequent cultures and by subcultures and by injections 
into animals. The patient died of exhaustion and no autopsy was permitted. 

In the light of the termination of this case, it is not improbable that there was 
a low grade of infective endocarditis during the time it was diagnosed as typhoid 
fever and in the interval between that and the final illness there was a continu- 
ation of the heart infection which finally became so severe that the patient be- 
came bedridden. 

Case 13.—Miss F. S., aged 18, was admitted to the Presbyterian Hospital 
Oct. 28, 1907, on the service of Dr. B. W. Sippy, who requested me to see the 
patient with him and has kindly consented to a report of the patient in this 
series. She died Jan. 22, 1907. Autopsy. Diagnosis: Infective endocarditis, 
pneumococcemia, aortic and mitral insufficiency. 

History —Patient had an attack of acute rheumatic fever six years before 
admission which left a mitral lesion. Three months before admission to the hos- 
pital she had an attack of pain in the right side of the chest of a sharp, sticking 
character which was aggravated by breathing and by coughing. There was some 
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fever but no cough. The patient remained in bed for a week and then got about 
but did not feel well and it was noted that there was usually an evening temper- 
ature varying from 100 to 101 or more. She felt weak for a long time, had a 
poor appetite and was nervous and irritable. Three weeks before admission the 
left ankle became swollen and painful. This lasted for a week. No other joint 
involvement occurred. On admission the patient complained of chilliness, fol- 
lowed by a sensation of heat, prostration and weakness. The bowels were regular, 
the appetite good. The patient slept fairly well. 

Evamination—On admission there was a decided pallor of skin and mucous 
There were no petechial spots; no enlargement of the superficial 
Ivmphatie glands. The patient was fairly well nourished. There was no infec- 
tion of the throat. The lungs were normal. Cardiac dulness extended to the left 
outside of the mammillary line. There was no evidence of dilatation of the right 
heart. There was a presystolic and systolic murmur in the mitral region and the 
systolic murmur was transmitted to the left. The pulse was rapid but regular. 


membranes. 


The spleen was not palpable. 

Course of Disease-—On November 4 for the first time there was heard a dias- 
toliec murmur in the aortic area which was transmitted downward and a water- 
hammer pulse and capillary pulsation were noted. On November 18 the spleen 
was distinctly palpable. On November 25 there was pain in the left side of the 
chest and in the shoulder, aggravated by breathing. On December 2 the patient 
complained of a severe pain in the left hypochondrium and the spleen was tender. 
There was a secondary anemia, hemoglobin diminished to 50 per cent. and a mod- 
erate leucocytosis with a normal proportion of white cells. The coagulation time 
of the blood was 3.5 minutes. On December 25 the patient suffered from an acute 
attack of pneumococcus tonsillitis. The submaxillary glands were tender and 
swollen but did not suppurate. Petechial hemorrhages of the skin appeared for 
the first time. The pneumococcus in pure culture was obtained from the blood. 
From this time on the patient failed rapidly. The pneumococco-opsonic index 
was below the nermal and the leucocytosis increased. There was a progressive 
secondary anemia with hemoglobin reduced to 28 per cent. The pulse remained 
regular until a short time before death, when the heart became dilated and 
irregular in action. 

An autopsy was held on January 22 and revealed: 

{natomical Diaqnosis.—Ulcerated mitral, aortic and mural endocarditis with 
characteristic vegetative growths. There were multiple infarcts of the spleen ; 
petechial hemorrhages of the skin; anemia; fibrinous pleuritis and peritonitis; 
acute tracheobronchial lymphadenitis; hyperplasia of the spleen; edema of the 
lungs: cloudy swelling of the liver, kidneys and myocardium; hypertrophy and 
dilatation of the heart; obliterative fibrinous pericarditis. 

Bacteriologic Examination —From the serum, blood, peritoneal fluid, right 
pleural exudate and from the emulsion of the vegetation of the heart valves there 
were obtained Gram-positive coeci arranged in clusters and chains and in twos 
and from the vegetations emulsion there was obtained also a Gram-negative bacil- 
lus. Seven cultures gave a proportionately large number of pneumococci, a few 
Staphylococet aurei, and the blood vielded the Streptococcus pyogenes in addi 
tion. The Bacillus mucosus also was obtained from the vegetation emulsion. 

rhe characteristics of the pneumococcus obtained from the blood before and 
after death were exactly similar to those described in the earlier part of the 
paper. 
fhis patient was inoculated with the dead pneumococci of her own culture. 
5 shows the dates of inoculation, the dose and the result upon the tem 


Chart 
perature, the leucocytosis and the pneumococeo-opsonic index. 
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CASE 14 A. K., male, married, aged 30, was seen with his family physician 
Dr. Frank S. Johnson, Chicago; condition practically unchanged at last account 


] 


Diagnosis; infective endocarditis, pneumococcemia, mitral insufficiency and aorti 
insufficiency 

History.—During childhood the patient suffered from acute rheumatic fever 
with a sequel of mitral insufficiency and aortic insufficiency. Compensation ox 
eurred and the patient did not suffer in consequence until his twentieth year 
During his freshman year (1897-98) in college he attempted athletic work in 
rowing, track running, etc., with the result that during the holiday season he was 


confined to his bed with broken heart compensation. After a long rest com 
pensatory hypertrophy was restored and the patient remained in fair condition of 
health until the early part of 1909. At this time he noticed a lessened strength 


and endurance, a good deal of nervousness and irritability, slight shortness of 
breath on exertion with some palpitation of the heart and a subfebrile tempe 
ature was noticed. He went to Hot Springs, Va., to rest and recuperate and 
while there became worse. Chills followed by fever occurred at irregular inter 
vals. The spleen became palpable and he grew pale, weaker, had great dyspnea 
and palpitation of the heart. On the patient’s return to Chicago a septie type 
of temperature continued, with an occasional chill, increasing weakness, palpita 
tion, shortness of breath, ete. A secondary anemia with a low white blood count 
was found and his physician discovered pigmented parasite-like bodies in the red 
corpuscles. Antimalarial treatment was given with some amelioration of symp 
toms but a continuation of the febrile condition, the weakness, ete 
Examination.—When seen in consultation on May 25, 1909, the patient was 
found to be pale and weak; a few petechial spots were found in the skin of the 
back, the heart was dilated especially to the left and the heart action was rapid. 
4 soft blowing diastolic murmur was heard in the aortie area and transmitted 
down the sternum, also a loud systolic murmur in the mitral area transmitted 
to the left with accentuation of the second pulmonic tone. The lungs were clear 
rhe spleen was palpable; the liver not enlarged; the urine practically normal 
Immediately thereafter two blood cultures were made which were negative. 
On May 29 and June 10 blood cultures were made by Dr. E. C. Rosenow and a 
pneumococcus in pure culture was isolated both times. This organism proved to 
have all the characteristics of the pneumococcus isolated in other cases of in 


fective endocarditis. 


The patient died in July. Autopsv revealed vegetative growths on aortie 
and mitral valves: aortic and mitral insuflicieney infarets of spleen and kid 


nevs, ete, 


100 State Street. 
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A NOTE ON THE VENOUS PULSE IN PAROXYSMAL 
TACHYCARDIA 


FRANCIS W. PEABODY, M.D. 
BALTIMORE 


While paroxysmal tachycardia is a clinically well-recognized symp- 
tom-complex, its exact pathology is not as yet by any means understood. 
The introduction of graphic methods in the study of cardiac phenomena 
has already resulted in some light being thrown on this condition, and 
it is only through such means that its ultimate explanation may be 
looked for. Since, however, the number of cases in the literature of 
which good venous tracings have been taken is decidedly limited, it has 
seemed worth while to report two instances in which records of the jug- 
ular pulse were obtained. 

In general it may be said that from the point of view of the venous 
pulse all cases of paroxysmal tachycardia apparently fall into one of two 
groups (Hirschfelder, Schmoll*). The first includes those cases in 
which the venous pulse is of the normal or “auricular” type. In the sec- 
ond class the venous pulse assumes the “ventricular” or “positive” type, 
and there is no evidence of any contraction of the auricles. Cases of the 
first class have been reported by Schmoll? and by Cowan, McDonald and 
Binning.* Cases in which the venous pulse is “ventricular” have been 
described by Schmoll,? Rihl,* Hay,® Hirsehfelder* and Mackenzie.* In 
a discussion of this subject it is of the utmost importance, as Hirsch- 
felder’ has pointed out, to distinguish between cases of idiopathi: 
paroxysmal tachycardia, with sudden onset and cessation, and cases of 
simple rapid heart action beginning and ending more or less gradually. 

1. Hirschfelder: Contributions to the study of auricular fibrillation, parox 
ysmal tachycardia, and the so-called auriculo-(atrio)-ventricular extrasystoles. 
Johns Hopkins Hosp. Bull., 1908, xix, 322. 

2. Schmoll: Paroxysmal tachycardia. Am. Jour. Med. Se., 1907, exxxiv, 662. 

3. Cowan, McDonald and Binning: The venous pulse in paroxysmal tachy 
cardia. Quart. Jour. Med., 1909, ii, 146. 


4. Rihl: Atrioventrikuliire Tachyeardie beim Menschen. Deutsch. med. 
Wehnschr., 1907, xxxiii, 632. 

5. Hay: Paroxysmal tachycardia. Edinburgh Med. Jour., 1907, xxi, 40. 

6. Hirschfelder: Observations on paroxysmal tachycardia. Johns Hopkins 


Hosp. Bull., 1906, xvii, 337. 


7. Mackenzie: Diseases of the heart. London, 1908. 





FRANCIS W. PEABODY 433 


The following cases were observed in the wards of the Johns Hopkins 
Hospital, and I am indebted to Dr. Barker and Dr. Thayer for permis- 
sion to report them: 


CASE 1.—M. M., female, general number 67,343, medical number 23,725, mar 
ried, aged 33, admitted Feb. 16, 1909, discharged March 9, 1909, complains of 
“fluttering round heart, and pain in chest and back.” 

History.—Family history good. She has been married seventeen years and 
has had seven children. Had diphtheria when a child, but recovered without com- 
plications. Seven years ago she had typhoid fever; “chills and fever” three 
times in the last three years. Two months ago she had pneumonia. Otherwise 
she has always been well. Average weight 115 pounds. 

Present Illness.—For some months she has suffered from “aching in bones,” 
“extreme weariness,” and shortness of breath on slight exertion. Occasionally she 
has had some slight “fluttering around heart.” Two weeks ago all her symptoms 
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Fig. 1—Paroxysmal tachycardia, Case 1; pulse rate, 215. In all tracings 
timer marks tenths of seconds; lowest tracing is from the brachial artery, the 
second from the carotid artery, and the third from the jugular vein. 


became worse, and eight days ago she had an attack of “fluttering” which lasted 
for nine hours. Similar attacks lasting for longer or shorter periods have re 
curred every day since. She has been in bed for a week, and during this tim: 
has had drenching sweats every night. She has been nursing her baby and he 
breasts are still lactating. Hemoglobin, 75 per cent.; red cells, 4,000,000; whit: 
cells, 10,600. 

Physical Examination.—This shows a poorly nourished, very pale woman 
There are no physical signs of importance except in the heart. The apex impulss 
is felt in the fourth space, 7 cm. to the left of the mid-sternal line. The relative 
cardiac dulness extends 10 em. to the left in the fourth space, above to the uppel 
border of the third rib. and to the right 3 em. from the mid-sternum. The rat: 
is 200 to the minute. There is no arrhythmia. No murmurs can be distinguished 
except for a “short, high-pitched, apparently systolic murmur.” which is localize: 
in the tricuspid area. The lungs are clear. The liver flatness extends from the 
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loubtfully palpable. The radial pulse is extremely weak, scarcely more than a 


lutter. No pitting over ankles. 
Course of Disease February 17: This morning the pulse rate is 90, and the 


: 
| sixth rib to 3 em. below the costal margin in the right mammary line, the edge 


oud systolic blow, maximum over the tricuspid area, has disappeared. 

February 18: At 5:30 p. m. the patient complained of “fluttering of the 
i heart,” and the heart’s rate, taken at the apex, was found to have risen from 90 
rt to 200. At about 8 p. m. tracings of the venous pulse were taken (Fig. 1). Pres- 
sure was then made over the vagus nerve in the neck, and the rate dropped sud- 
i denly from 200 to 116 (Fig. 2). The patient was much relieved and said she felt 
4 is if she would go to sleep. 

On the following morning the pulse rate was 100. 

On the day after admission there was a trace of albumin in the urine, but the 
examinations have otherwise been negative. The blood pressure has ranged from 
76 to 102 mm. 

After the attack of tachycardia, which was stopped by pressure on the vagus, 
e remained free trom attacks until her discharge from the hospital on March 9. 


During this time the pulse rate ranged from 80 to 126, being generally about 100 


— 


\ Se 


: Fig. 2.—Normal rhythm after pressure on vagus nerve in neck, Case 1; pulse 
| rate, 120 


Tracings from the jugular vein, the carotid and brachial arteries 
| were taken from this case during the attack and immediately after the 
attack was stopped by pressure on the vagus. The venous pulse during 
he attack shows only two waves—one beginning about 0.02-0.05 seconds 
efore the rise on the carotid pulse—obviously the ¢ wave— and a sec- 
ond, less marked wave following. The latter is probably the v wave. 


: ‘The onset of this second wave occurs on an average 0.11 seconds before 


; the next ¢ wave, and it is, of course, possible that this might represent 


] 


in @ wave ot auricular contraction. If it were an a, however, one would 
expect a larger wave, as it falls during ventricular systole. Moreover, it 


} } } 


would be unusual to ive so large a depression hetween a and c¢c waves. 


The beginning of the wave occurs 9.179 seconds after the c wave at 




















FRANCIS W. PEABODY) 

normal rate, and at the rapid rate 0.160 seconds after the ec. I 
elations of the crest of this second wave at the rapid rate, and of the 
vave at the normal rate, to the dicrotic notch on the carotid artery at 


same oth falling 0.03 seconds after the notch. The most probable 


I 


explanation of the curve, therefore. is that it is a “‘ventricular” venous 


pulse. The tra ng taken after the attack was stopped shows the resump- 
on of the normal, “auricular” venous pulse with a well-marked a wave, 
¢ wave, and a v wave. The conduction time—the a-c interval—is in 


s case from 0.16 to 0.19 seconds. 


CASE 2 Male, single, aged 29, general number 67,086, medical number 23,046 
vdmitted during an attack of paroxysmal tachycardia. 

History.—Family history good. Patient had scarlet fever at 14; acute articu 
lar rheumatism at 16. This was not followed by any apparent complication until 
he began to have shortness of breath, and on examination a mitral stenosis was 
discovered five vears ago. For some time he has had attacks of palpitation of the 
heart in which the rate jumps from about 86 up to 180 per minute. These attacks 
of tachyeardia occurred at first at intervals of about a month, but they have been 
much more frequent of late. Sometimes he has several in a week. The duration 
has varied from thirty seconds to twenty-seven hours. In the longer attacks he 
sometimes has cough and foamy or bloody expectoration, especially if he lies 
on his back the attacks often begin without any obvious cause, but may 
follow a quick or sudden movement. During them he feels rather weak, and is 
troubled by the forcible “thumping” of his heart, but except in the longer at 
tacks he is never forced to go to bed. Many of the attacks he is able to stop by 
pressure on the vagus in the neck, by vomiting, by tickling the back of the throat 
with his finger, or by deep inspiration. Putting the finger down the throat or 
inducing vomiting are fairly reliable methods of aborting the attacks More 
severe attacks cease only after pressure on the vagus lasting several minutes 
Some of them, however, do not vield te any method which has been employed 
The longest attack—twenty-seven hours—stopped an hour and forty minutes 
after the intravenous injection of 1 mg. of strophanthin. It is, of course. 
doubtful whether the drug was a factor in its cessation. One attack stopped 
about three minutes after a similar injection of strophanthin, but as another 
began in a few hours, during the period over which the drug should still be active. 
there is no reason to suppose that the strophanthin itself had any effect \ 
variety of other drugs produce no results. During the attacks the pulse rate is 
usually about 180-190, and between attacks it 


s about 87 It is worthy of note 
that an #-ray examination has shown an osteoarthritis of the cervical spine 
Physical Examination of the Heart While the heart’s rate is 72, the apex 
impulse is in the fifth space, 8.5 cm. from the median line. The relative cardiac 
lulness extends from 3.8 em. to the right in the fourth space, to 9 em. to the left 


of the median line in the fifth space. The first sound is well heard 20 em. from 
the chest without the aid of a stethoscope. On auscultation it is sharp and snay 
ping, and there is a characteristic presystolic murmur which begins with a bruit 
le rappel very soon after the second sound The murmur is not audible in the 
axilla where the bruit de rappel is heard with great intensity The accentuatior 
f the pulmonic second is not great The lungs are clear The liver is not en 
arged Blood pressure, SO-90 

Diaanosis Che case is thus one of mitral stenosis associated with attacks 
paroxvsmal tachveardia. On some examinations a ve faint diastolic murmut 


iortie regurgitation has been heard. and at times a soft s stolic murmur has been 
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noted at the apex. The possibility of the cervical osteoarthritis being a factor in 
the cause of the paroxysmal tachycardia by acting on the vagus nerve cannot be 
excluded. 

Tracings have been taken from the jugular vein, the carotid and 
brachial arteries during two of his attacks. Figure 3 shows the type 
of curve which was obtained on both occasions. The venous pulse is of 
the same form as that in Case 1. There are two waves, one beginning 
0.018 to 0.025 seconds before the carotid rise, obviously the c wave, 
and a second which follows it. This second wave begins on an average 
0.15 seconds before the c wave. Its onset is 0.156 seconds after the c 
wave, while the v wave at the normal rate begins 0.24 seconds after the 
ec wave. The crest of the second wave falls 0.060 seconds after the 
dicrotic notch on the carotid, approximately the same time relation as 
that of the v at the normal rate, which falls 0.056 seconds after the di- 


wrhiyyy hehe athdhthdaadadh \tihs he Vicheichcithd 4 
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Fig. 3.—Paroxysmal tachyeardia, Case 2; “ventricular” venous pulse; pulse 


rate, 193. 


crotic notch. It is impossible to prove that this is not the wave of 
auricular contraction, but, as in the other case, it seems much more 
probable that it is a v wave, and that we have here also a “ventricular” 
venous pulse. If one should assume that this is an a wave, then the a-c 
time—the time of transmission of the impulse from auricle to ventricle 

when the heart’s rate is 193, is 0.15 seconds, while between attacks, ai 
a time when the pulse rate was only 73, the a-c time averaged 0.17 sec- 
ends. Figure 4 is a tracing taken when the heart’s action was slow and 
shows a normal “auricular” venous pulse with a, c and v waves. Both 
of these cases, therefore, seem to belong to that class in which the normal 
sequence of auricular and then ventricular contraction is replaced during 
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the paroxysms of tachycardia by a condition in which all evidence of con- 


traction of the auricle is lost, and in which the venous pulse only shows 


a wave due to contraction of the ventricle. ‘The cause of this absence 
of a contraction on the part of the auricle has not, as yet, been satis 
factorily determined. There are, however, various conceptions which 
seek to explain the conditions in paroxysmal tachycardia. 

Hoffmann*® was struck by the fact that in attacks of paroxysmal 
tachycardia the normal rate of the heart is approximately doubled 
quadrupled. As an explanation of this fact 'e assumed that at a point 
above the auricles—in the veins—stimulus-fc.' ation went on at a more 
rapid rate than that to which the heart could ic pond. Owing to dimin 
ished irritability, contractability, and conductivity—a_ sino-auricular 


ory aiataehiaabiiiaaieiiin iiameit  vbimimaiditaiaiitil 
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Fig. 4 Normal venous pulse, Case 2; pulse rate, 73 


block—the auricles respond normally to only every second or every fourth 
stimulus arising in the veins. During the attacks there is a letting up 
the normal sino-auricular block, the heart is enabled to follow the 


rhythm of the veins, and its rate is increased two or fourfold. While 


such a mechanism is an ingenious explanation of those 
mal tachycardia in which there is a simple relation between the rates and 


of 


cases of paroxys- 


during the attacks—although by no means all cases are of this type 

there is very little experimental evidence in favor of such a theory. 
According to Mackenzie,’ in paroxysmal tachycardia the normal 

sequence of the heart’s action is replaced by what he terms the “nodal 


8. Hoffman: Verdoppelung der Herzfrequenz. Ztschr. f. klin. Med., 1904, 


liii, 206. 
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thythm,” in which the stimulus to contraction no longer begins at the 
venous sinus and passes to the auricle and then to the ventricle, but in 
which the stimulus originates in the “auriculoventricular node” of 
Tawara and causes a simultaneous contraction of auricles and ventricles 

extrasystoles with shortened conduction time. This is the same type 
of ventricular rhythm which Mackenzie has described as occurring in the 
“absolutely irregular heart.” While, however, the nodal rhythm usuall\ 
gives rise to markedly irregular heart action, nodal extrasystoles may be 
produced in groups in which the rate is very rapid and the rhythm regu- 
lar. The essential characteristic of the venous pulse in “nodal rhythm” 
is the absence of any wave due to auricular systole and the presence of 
a “ventricular venous pulse.” In two of the cases reported by Mackenzie, 
postmortem examinations showed that the auriculoventricular bundle 
was pathologically affected. In one case there was infiltration by plasma 
cells, while in the other case the artery supplying the bundle was oblit- 
erated and there was probably disease of the bundle itself. These two 
instances “afford support for the view that the auriculoventricular nod: 
or bundle, by the invasion of the diseased processes, is rendered more 
irritable than the sinus remains, and on account of the excessive irrita- 
bility starts the rhythm of the heart.” Mackenzie goes so far as to affirm 
that the term “paroxysmal tachyeardia” should be used only to covei 
those cases in which the “nodal rhythm” is present. Those cases of 
tachycardia in which ventricular contractions follow auricular contrac- 
tions, as normally, he refers to as “attacks of palpitation.” In the latter, 
he states, the rate rarely rises above 170. Mackenzie gives venous tracings 
from seven cases which showed “transient nodal rhythm” or typical 
attacks of paroxysmal tachycardia. 

Rihl also has reported a case in which there were sudden changes of 
heart rate associated with changes in the venous pulse. When the heart 
was slow the venous pulse was of the normal character, but during the 
rapid phases only one wave was present—a wave occurring synchronous!\ 
with the cubital pulse, after the ventricular contraction, and apparentl: 
due to the contraction of the auricle. Rihl concluded that during th: 
periods of tachycardia the stimulus to contraction arose in the auriculo 
ventricular region. 

On the basis of experimental evidence Hirschfelder? has suggested 
that the cause of those cases of paroxysmal tachyeardia which are char- 
acterized by the ventricular type of venous pulse is fibrillation of the 
auricles. By means of strong faradic stimulation applied to the aurick 
of a dog’s heart he was able to produce auricular fibrillation, together 


with a sudden increase in the ventricular rate to approximately double 
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the normal. Both conditions outlasted the period of faradization. an 


n some cases were stopped by stimulation of the vagus. W e it is, of 
ourse, Impossible to prove that In paroxysmal tachyeardia in man the 
auricles are in a state of fibrillation, such an explanation would account 


for the absence of evidence of auricular contraction. together with the 
sudden increase in ventricular rate which is seen in most cases, and 
the experimental evidence makes the work peculiarly suggestivs 


Cushny and Edmunds® have also observed auricular fibrillation in 
dogs, and have suggested that the condition mav be the cause of! 
paroxysmal arrhythmia in man. In their cases the fibrillation was seen 


mmediately after opening the chest, and was apparently due to a refle 


from the sensory stimuli produced by the operation. The two theories 


of Mackenzie and of Hirschfelder are, however. not necessa opposer 
to one another. The essential point in Mackenzie's theor s that thi 
waves on the venous pulse in paroxysmal tachycardia represent extra 
vstoles with shortened conduction time arising in the atrio-ventricuiat 
nodes. It is of importance, first, that Retzer’’® has shown clearlv that the 
node of Tawara can not be found in either the embrvonie or adult humat 
heart. Second, Hirschfelder has demonstrated experimentally “that 
extrasystoles with shortened conduction time mav arise as a ré 
‘timuli applied directly to the auricles, and need not necessarily indicat 
the presence of an irritative lesion within the bundle of His or even 
within the system of Purkinje fibers.” Thus it is quite possible that 
ihe contractions of the heart in paroxysmal tachveardia are extrasystoles 
with shortened contraction time, the original stimulus to which arises 


in an auricle which is unduly irritable or which has passed into fibri 


lation. 
The tracings which were obtained from the cases reported here might 


well be explained on the basis either of Mackenzie’s or of Hirsel 


theories. On the one hand, the “ventricular” venous pulse mig] ve du 
to the rapid formation of stimuli in the auriculoventricular bundl 
causing both chambers of the heart to contract simultaneously, wit th 
result that onlv one wave is seen on the venous pulse. (in the other 
hand, there might be fibrillation of the auricles, so that no auricula 
wave Is registered, in which case the wave on the enous } ~{ Ss due 
to ventricular contraction alone. 

I am greatly indebted to Dr. W. S. Thayer and D \. D. Hirsehfelder for 
their kind assistance 

9. Cushnv and Edmunds: Paroxvsmal irregularity of the heart ar turicular 
fibrillation Am. Jour. Med. Se., 1907, exxxiii, 66 

10. Retzer Some results of recent investigations on the mammalian heart 


Anat. Ree., 1908, ii, 140 
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INTRODUCTION 








has been our aim to collect all the data possible as to the incidence, 
kinds and nature of the thyroid changes in animals so that when human 
thyroid changes were taken up at least some fundamental conclusions 





| Throughout the course of our studies on the formation of goiter it 
| 
| 


could be available as a point of departure. Nevertheless, while the sup- 
planting of indirect and accidental observations on man by the direct 
| observations on animals is the modern and logical way of approaching 
- 
1 





a medical problem, proper regard must always be had for the difference 
arising out of the different positions of the different animals in the 
sf biological] scale of animal life, even though evidence is fast accumulating 








| that their pathology is quite as applicable to man as their physiology, 
tle considering their position in the biological scale. This method of ; 
f . approach is particularly desirable in the case of the thyroid, since the 

: advance of our knowledge of thyroid diseases has been restricted by 
attempting to use human material as a basis of study. This is due 
(apart from the indirect and accidental nature of such observations) to 
T the fact that complicating factors are so common and modifying condi- 
| tions so frequent that pure types are not encountered with sufficient fre- 











quency in the experience of any one observer to enable him to empha- 


wwe 


size their importance. 

In the present work we first attempted to use human material, but 
were forced to turn back and study series of dog, sheep, pig and ox thy- 
roids in order to find basic types of anatomical changes. Therefore, the 
observations on human thyroid changes are compared with similar 
; changes occurring in the above-mentioned animals. The results of these 
comparisons have shown a surprising uniformity both in the iodin con- 
tent and in the histological structure for all these animals—man, dog, 
sheep, ox and pig. 





ae. ARR REE om 





* From the H. K. Cushing Laboratory of Experimental Medicine, Western Re- 
serve University. 
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{NATOMICAL CLASSIFICATION 

The confusion that at present exists throughout all phases of thy 
roid changes can be inferred from the vast literature that has arisen 
around one phase—namely, exophthalmic goiter—in the endeavor to 
establish the fact that in every true case of this disease there occurs active 
hyperplasia of the thyroid. And, even in this single phase, there are 
still widely different opinions. All the other phases of thvroid changes 
are more or less indefinite. 

Virchow' fully recognized the confusion existing at that time and 
the errors to which it was leading when he wrote: “With reference to 
true goiter the opinion has long been held that it comprises a series of 
definite species (struma ivymphatica, cvstica, ossea, vasculosa, etc.) which 
develop independently of each other. This is wrong. All these so-~alled 


varieties are none other than different modes of development of essen- 











Fig. 1.—Normal thyroid (human). From a male, white subject. aged 40 
dead of aortic stenosis. lodin per gram of dried thyroid in milligrams—2.861 
The sections represented in these illustrations were taken from the routine files 


of our human material. This material was hardened in 4 per cent. formalin. The 





sections were cut in celloidin and stained with hematoxylin and eosin. The mag 








nification is the same in all, viz., Leitz, ocular IV. objective Il] = 95 diameters 
Figures 1 to 4 represent the “Normal” or “Primary” series of hvperplasias 
4 tially the same form of goiter. They mean only different forms of 
terminal conditions or metamorphoses which can be combined with on 
1 another in the same tumor, and a very large and striking variety of 
: these metamorphoses may exist in the same tumor.” 


Since Virchow wrote these words the advent of operative removal 
of goiters and the extensive reports based on this highly complicated 
material have in general tended to complicate the classification further 


1. Virchow. Die krankhaften Geschwiilste, !1863, iii, 4 
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‘Two major causes have assisted in this confusion. First, as Virchow 
pointed out, the secondary or complicating changes have been raised to 
the importance of the primary changes—for example, such terms as 
“fibrous,” “cystic” or “hemorrhagic” goiter have been placed on the 
same plane with parenchymatous (actively hyperplastic) goiter. See 
ond, in the correlation of the clinical phenomena with the anatomical! 
changes and the development of the clinical-pathological classification 
the fact has not always been borne in mind that very great anatomical 
changes may occur in a short space of time and that the clinical phe- 
nomena do not necessarily change to the same extent; as, for example, 
the typical active thyroid hyperplasia of exophthalmie goiter may revert 
to a pure colloid condition within a month and the clinical picture 
remain that of a well-defined case of exophthalmie roiter. We have 


repeated|y observed this change. 





Fig. 2.—Early glandular hyperplasia. From a male, white, healthy subject. 
aged 30, dead of fracture of the skull, from an accidental fall. lodin per gram of 
dried thyroid in milligrams = 0.877. 


In the lower animals where these various secondary or complicating 
factors are reduced to a minimum it is quite easy to convince oneself 
by examining any large series of glands that there are fundamental 
types of thy roid changes concerned in the production of true goiter. 
These fundamental types are (1) the normal thyroid, (2) the activels 
hyperplastic thy roid (all degrees) and (3) the colloid thy roid, 

With these fundamental types established. the problem of bringing 
the human thyroid changes into relationship with them is not difficult, 
although there remains in any large series of human thyvroids and, to a 


lesser extent. of dogs’ thyroids, a considerable group of glands in which 


the anatomical changes are so extensive and complicated as to bear littl 
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esemblance to the primary types. ‘This is especially true of the human 


operative material, in which uncomplicated forms are seen only in the 


active hype rplasias of childhood, puberty, pregnancy and exophthalmi 
gvoiter or In the colloid glands resulting mmediately therefrom 

From an anatomical material consisting of 570 human, 850 dog, 70 
sheep, 67 ox and 26 pig thyroids which we have personally collected and 
examined, together with a fair review of the literature, the following 


veneral schema of anatomical changes has been deduced: 


I. Normal Thyroid 
I1. Active Hyperplasias 
1. Prenatal—may terminate in 
a) Fibrosis-atrophy 
b) Colloid. 
2. Childhood—may terminate in 
a) Fibrosis-atrophy 
b) Colloid 
3. Puberty—may terminate In 
a) Exophthalmie goiter, fibrosis-atrophy 
(b) Colloid. 
1. Pregnanecy—may terminate in: 
a) Exophthalmie goiter, fibrosis-atrophy 
(b) Colloid 
5. Exophthalmie goiter—may terminate in: 
a) Fibrosis-atrophy 
b) Colloid 
Ill. Colloid glands. 
l Active hyperplasia 
a) Simple hyperplasia—may terminate in 
i) Exophthalmic goiter 
ii) Colloid. 
b) Exophthalmie goiter—may terminate in 
i) Fibrosis-atrophy 
ii) Colloid 
ec) Colloid 
IV. Atrophies. 
1. Infantile 
2. Supervening in exophthalmie goiter, tuberculosis, obesity Der 
cum’s disease’), eté j 
3 Physiological old age 
V. Regeneration (hyperplasia 
Vi. Degeneration. 
1. Hyaline 
2. Caleareous 
3. Amyloid, ete 
VII. Inflammations 
VIIl. Tumors 
l. Benign 
a) Fetal adenoma 
b) Simple adenoma 
2. Malignant 
a Carcinoma 
i) Originating from fetal adenoma 
ii) Glandular carcinoma 
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b) Sarcoma 
c) Endothelioma, ete 
IX. Complications 
1. Hemorrhage and its sequel 
2. Cysts, et 
This general outline or skeleton of the major types of changes occur- 
ring in the thy roid differs somewhat from the usual ones of text-books 
in several important particulars. First and most important perhaps is 
ihat colloid glands have been removed from the group of degenerations 
and placed on the same plane with normal glands and the hyperplasias. 
This was the result of both an anatomical and experimental study.* 
Second, it indicates the sequence of changes occurring in the gland, 


e. g.. colloid glands are plac ed after the active hyperplasias because it has 





Fig. 3.—Moderate glandular hyperplasia. From a male, white subject, aged 


31, dead of typhoid fever with intestinal perforation. lodin per gram of dried 
thyroid in milligrams = 0.615 


been shown that al! colloid glands have at one or more times been in the 
stage of active hyperplasia. 

Likewise atrophies, apart from the physiological (senile) form, are 
in all probability always preceded by a greater or lesser degree of active 
hyperplasia." 

In the present communication we are concerned only with normal 
actively hyperplastic and colloid glands, inasmuch as these are the only 
fundamental types concerned in the production of true goiter. Certain 
relations with the remaining groups of the general schema will, however, 


be pointed out in their proper places. 


2. Von Bruns Beitr. z klin. Chir.. 1896, xvi, 521. Marine and Lenhart: 


Johns Hopkins Hosp. Bull.. 1909, xx, 131. 


3. Ord, W. M.: Brit. Med. Jour., 1898, ii, 1473. Howard, C. P.: Myxedema 


Jour. Am. Med. Assn., 1907, xviii, 1325 
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The anatomical descriptions to follow will, in the main, be confined 
to the human thyroid, inasmuch as extended descriptions of simila 
changes in other animals have already appeared.‘ 

I. NORMAL THYROID* 
The normal human thyroid® differs histologically in no essential way 


from similar glands in the dog, sheep, ox, pig or horse. In the past 
f normal 


histologists have differed somewhat as to the characteristies « 
olands, but these differences were ce pende nt largely on the regional and 
accidental circumstances of the material used. The more recent des rip 
tions given by Miiller,® Bozzi,’ and Ebner* show a general agreement. 


From these authors’ descriptions, however, it can be seen that no sharply 





hig. 4.—Marked glandular hyperplasia. From a case of exophthalmic goiter 
in a female subject, aged 22, dead following operation. lodin per gram of dried 
thyroid in milligrams = 0.292 


s universally accepted, This is to 


cut, terse dese: Iption of the histology 
be expected in regard to a gland like the thyroid, which reacts so quickly 


*See Figure 1 

$4. Marine: Cleveland Med. Jour., 1907, vi, 45 Marine: Johns Hopkins 
Hosp. Bull., 1907, xviii, 359 Marine and Williams: The relation of iodin to 
the structure of the thyroid gland Pit ARCHIVES INT. MEb., 1908, i, 349 

5. The parathyroid glands have been examined in all autopsy specimens and 
it may be stated that we have found them remarkably constant in number and 
position when one considers their normal number (four) and their size. They 
usually partake of the color of the thyroid, i. e., are pale yellow in the lighter red 
and brown yellow in the darker red thyroids. We have seen no evidence suggest 
ing that they react anatomically with the thyroid in its goitrous changes and we 


believe that they are quite independent structures. 


6. Miiller, L. R.: Beitr. z. path. Anat. u. allg. Path., 1896, xix, 127 
7. Bozzi: Seitr. z. path. Anat. u allg. Path., 1895, xviii, 125 
8. Ebner: Koelliker’s Handbuch der Gewebelehre des Menschen Leipzig 


1809, iii, 316. 
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to the many changes and alterations in the body metabolism. It was 
pointed out by Hale White® that if one examined any large series of 
human thyroids he would find great variations in the histological appear 
ance in subjects that, during life, showed no manifestations of diseases 
known to be associated with thyroid changes. This observation has been 
confirmed by all subsequent observers. 

The perfectly normal, adult thyroid weighs between 20 and 30 gm. 
This is lower than the weiglit usually stated (30 to 40) and applies te 
the seacoast type, for there is no doubt that in goitrous districts much 
larger glands are considered normal,- although from our observations we 
believe that all such glands have at one time or another shown hyper- 
trophic changes, and if histologic examination shows any evidence to 


that effect we class them as colloid glands. 





Fig. 5.—Colloid-early glandular hyperplasia. From a female, aged 21, dead 
of eclampsia with Cesarean section lodin per gram of dried thyroid in milli 
grams = 0.815. Figures 5 to 7 represent the “Colloid” or “Secondary” series of 


hyperplasias. (When this paper was sent to the publishers we had not obtained 


an uncomplicated specimen of colloid marked glandular hyperplasia. 


The lateral lobes are in general symmetrical and of uniform size. 
though slight variations are not infrequent. So also with the isthmus 
and pyramidal portion. The outer fibrous areolar capsule is thin and 
strips easily, leaving a slightly lobulated smooth surface. The capsule 
proper is thin and translucent, and thickened portions (trabecule) 
extend into the gland, mark out the lobules, and support the blood and 
lvmph vessels. The general color varies from a pale amber red to a 
bright amber red. On section the follicles can just be distinguished 
with the naked eve and vary greatly in diameter (0.5 to 0.5 mm.). They 


are filled with a clear amber-vellow viscid colloid. 


%. White, Hale Med. Chir. Tr., 1888, Ixxi, 181 
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with the same intensity, and colloid-like material is frequently to b 
seen in the lymphatic spaces an observation usua taken as ¢ dence 
that the lvmphaties form the norn al paths of ( vit tor thie COLO a Tl 

Fig. 6.—Colloid-moderate glandular hyperplasia From a male, w e sul t 
iged 22; clinical diagnosis; exophthalmic goiter. Patient operated on; recovered 
lodin per gram of dried thyroid in milligrams 0.366 
blood and lymph vessels, though forming rich networks about the fo 
cles, are not prominent, nor are the larger vessels of the trabecula an 
capsule thick-walled and tortuous as in the colloid goiters 

Il. ACTIVE THYROID HYPERPLASIAS* 

There is no essential difference between the forms seen in humat 
ind those seen in dog, sheep, OX or pig thvroids Pure tvpes of per 
plasia are. of course, less frequently observed in man. Detal ed descrip 

10. Langendorf Biol. Centralb.. 1889-90, ix, 426 
11. Baber: Quart. Jour. Mier. Se., 1877, new series, xvii, 204. Hiirthl 
Arch. f. d. ges. Physiol Ptliiger’s 1894, Ivi, 1. Zeiss Inaug. Diss. Strassburg 
1877. 
See Figures 2. 3, 4, 5. 6 
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tions of these changes in the dog, sheep and ox have already appeared 
and it remains only to outline those occurring in the human thyroid. 
Active hyperplasias, being the first or primary phase of goiter formation, 
are most frequently observed in the goiter-developing epochs—namely, 
childhood, puberty and pregnancy—although a great many thyroids 
show active hyperplasia when there is no clinical evidence of thyroid 
abnormality. The classical and perhaps best known example of thy- 
roid hyperplasia in man occurs in exophthalmic goiter. 

In man, just as in the lower animals, one observes all degrees of 
hyperplasia, from the very slightest changes from normal or colloid 
glands (hypertrophy) to the most marked epithelial proliferation 
(hyperplasia ). 

As has been discussed at some length in other publications (Marine 
and Williams* and Marine and Lenhart?), it is necessary to recognize 


a 











Fig. 7.—Colloid goiter From a female subject, aged 1%; case clinically diag 


nosed as severe exophthalmic goiter; patient had been treated for past six months 


by the internal administration of iodin: operated on, recovered. lodin per gram 


of dried thyroid in milligrams = 4.614 


two series of hyperplasias—(1) normal (2), colloid. The normal series 
includes all cases of hyperplasia which are engrafted on normal glands 
and the colloid series of hyperplasias include all cases in which the 
hyperplasias are engrafted on colloid glands. ‘This secondary hyper- 
plasia (secondary in the sense that it is not the first time these glands 
have undergone active hyperplasia) is well recognized in human goiter, 
especially as the so-called “secondary exophthalmie goiter,” and of late 
we have recognized that secondary hyperplasia occurs in colloid glands 
just as readily as primary hyperplasia occurs in normal glands, and as a 
result of the same causes, either with or without (usually without) the 


clinical signs of exophthalmic goiter. Since the conditions favorable to 
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the development of colloid glands (variations in food, body nutrition, 
locality, etc.) more commonly affect man and dog, colloid glands and the 
several degrees of the colloid series of hyperplasias are more often seen 
in these animals. 

For convenience of description and of analysis we have divided the 
two series (normal and colloid) into subgroups, as follows: (1) Normai- 
early, early, early-moderate, moderate, moderate-marked and markea 
G andu lar hy pe rplasia; (2) colloid-early, colloid-early-mo lerate, coll id- 
moderate, colloid-moderate-marked and colloid-marked. 

The early stages of hyperplasia are the most important, for the reason 
that the first change from the normal gland marks the first step in the 
formation of goiter, and it is now generally recognized that the primary 
phase of all true goiters is active hyperplasia ( Virchow*). 

Tracing the process of hyperplasia, the first change noted in the thy- 
roid is an increased blood supply to the gland. The capsular vessels are 
dilated. They become tortuous. The capillaries surrounding the foll 
cles are dilated and congested. The gland becomes larger and softer and 
takes on a brighter red color. Microscopically there is lessening of the 
stainable colloid; at first but palely staining, later vacuolization, and 
finally actual disappearance of the true colloid—its place being taken by 
a glandular albuminous débris in which are seen leucocytes and shed 
epithelial cells. 

The flat-eubical or cubical epithelial cells of the normal or colloid 
glands at first become high cubical with larger and more vesicular nuclei; 
later they become columnar, and finally high columnar. Then, as hyper- 
plasia takes place, infoldings and plications of the lining epithelium are 
formed. This process is apparently an attempt to increase the epithelial 
surface without undue general glandular enlargement. The connective- 
tissue framework of the capsule and trabecule increases. This is at first 
probably only a compensatory process to support the great increase of 
epithelial elements and the increased blood supply. 

The now well-recognized and clear descriptions of the essential histo 
logical changes in exophthalmic goiter, which have been developed by 
Bramwell,’ Greenfield,**> Edmunds,* Farner,**> Von Hansemann," 
Hirschlaff,’7 Mac Callum,’* Ewing,’® Lewis,?° Wilson,” and others, repre 


12. Bramwell: Atlas of Clinical Medicine, Edinburgh, 1892-3, ii, 91 
13. Greenfield: grit. Med. Jour., 1893, ii, 1261. 

14. Edmunds: Lancet, London, 1901, i, 1317, 1381, 1449. 

15. Farner: Virchow’s Arch. f. path. Anat., 1896, exliii, 509. 


16. Von Hansemann: Ber}. klin. Wehnschr., 1905, No. 44a 65 
17. Hirsehlaff: Ztschr. f. klin. Med., 1899, xxxvi, 200 

18. MacCallum: Johns Hopkins Hosp. Bull., 1905, xvi, 287 
19. Ewing: Tr. Assn. Am. Phys., 1906, xxi, 567. 

20. Lewis: Surg., Gyn. and Obst., 1906, iii, 476 

21. Wilson: Am. Jour. Med. Se., 1908, exxxvi, 851 
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sent the most familiar type of extensive active hyperplasia in man, but 
by no means the most frequent one, since identical histological changes 


are observed in the prenatal, puberty and pregnancy thyroid enlarge- 


ments. To sum up: The thyroid changes in all forms of active hyper- 


plasia are characterized by an increase in the blood supply and the lym- 
phatie drainage; a decrease in the stainable colloid; marked hyper- 
trophy and hyperplasia of the follicular epithelium; a variable increase 
in the stroma, and frequently deposits of lymphoid tissue here and there 
throughout the stroma. 

In addition to the necessity of establishing two series of hyperplasias 

normal and colloid, as above mentioned—and the ready explanation 
it affords in many histological pictures of hyperplasia, there is perhaps 
another factor that modifies our interpretation of hyperplasias which has 
not been sufficiently emphasized in the published descriptions. It is the 
occurrence of atrophic changes. ‘This type of atrophy seems to differ 
from simple cell atrophy in that there is a marked disturbance in the 
nucleus-plasma relationship, and, as it has been observed only in glands 
with marked hyperplasia from subjects that during life showed clinical 
signs of myxedema or cretinism, its significance will be discussed along 
with these diseases. 


III. COLLOID GLANDS* 





The third great natural division of thyroid changes are the colloid 
glands (goiters). In our human series it will be noticed (see Tables 8 
and 1) that there are 25 colloid glands and 23 normal. This surprising 
proportion of colloid glands is due to two factors. First, in goitrous 
districts hyperplasias are much more common than normal glands (the 
proportions of hyperplasia to normal in our normal series’ collection 
being 53 to 3 for dogs, 14 to 19 for sheep, 6 to 18 for pigs, 20 to 17 for 
cattle and 23 to 23 for man) and all reverted hyperplasias are colloid 
glands (goiters). Second, we have called all glands colloid that show 
any evidence of having previously undergone active hyperplasia. ‘Thus 
there are many glands that, as regards size, shape, color, consistency, 
colloid and histological appearance, would ordinarily be considered nor- 
mal. They are physiologically normal, but they show the marks of a 
previous hyperplasia, and for sake of strict anatomical analysis it is 
necessary to recognize these anatomical differences. 

Pure colloid glands (goiters) present no essential differences in any 
of the animals examined. They differ essentially from normal glands 
in all these animals only in size (though, as has just been pointed out, 
they may be no larger than normal) and in showing the vestiges of pre- 


* See Figure 7. 
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vious hyperplasia. These marks of previous hyperplasia, however, ar 
well-defined and characteristic. ‘Their prominence in any given speci- 
men depends on the degree and duration of hyperplasia and the lengt 

of time since the reversion occurred. These changes are to be found in 
the size and shape of the follicles, in the presence of spri 
tions into the follicles in the more recent involutions (reversions), in 
the blood and lymph vessels, and in the stroma and capsule. The epithe- 
lium is normal (flat cubical), the stroma is increased, although to this 
statement there are exceptions depending on the extent of the fibrosis 
occurring during the active hyperplasia and the extent of the absorption 
which normally occurs during the process of reversion. Thus we have 
seen markedly cretinoid pups’ thyroids, in which the stroma was + 

increased that the scattered thyroid follicles gave the gland the appear 
ance of the endometrium, so resolve in the course of a month following 
the administration of iodin as to have all the appearances of a pur 
colloid gland with normal stroma. Such cases illustrate how rapidly the 
body can adjust physiological defects. The thickened thyroid capsuls 
is likewise the inheritance from the preceding hyperplasia and varies 
greatly in thickness in different specimens. The arterial walls are always 
thickened and histologically show an obliterating endarteritis similar to 
that seen in the involuting thymus or uterus. Calcification is very con 

mon in these thickened walls, and even the veins may contain calcareous 
deposits in their walls. The most striking change in the veins and lym 


phatic trunks is the great lessening in their caliber. This 1s associates 


with some thickening of their walls. The stainable colloid is normal in 
appearance and distribution in the follicles. The follicles are in genera 


much larger than in normal glands, but this depends on the degre 


hyperplasia preceding the involution (reversion), and perhaps also on 
other as yet ill-defined factors, as, for example, the cause of reversio1 
and the duration of the process. If only a hypertrophy has preceded t 


involution (reversion), then it is scarcely possible to distinguish such a 
vland from normal. We have met several glands of which we could 
neither convince ourselves that the structure was norma! nor offer definite 
proof of a previous hyperplasia. These glands we have called “normal! 
colloid” and have separated them for analytic purposes. The sprig-] 
projections into the follicles are the remnants of the infoldings or plica 
tions occurring during the preceding hyperplasia and there is evidence 
that these sprigs are slowly effaced n long-standing colloid rland 
(coiters). 

Only brief mention in the way of explanation of the other 


divisions 
> 


of the classification can be made here, inasmuch as they are not pri- 


marily concerned in the production of goiter and will be discussed in a 


i 


later publication. 
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IV. ATROPHY 





Atrophy is a normal senile process. The thyroid is most active in 
youth, as is also goiter formation. True goiter rarely develops after 45 
years of age.** Simple atrophy also occurs in many of the chronic 
diseases, and is particularly associated with chronic pulmonary tubercu- 
losis. The special forms of atrophy leading to colloid glands, and con- 
sequent upon the hypertrophies and hyperplasias of puberty, menstrua- 
tion and pregnancy, are best considered involutions (reversions). 

The form associated clinically with the symptom-complex of myxe- 
dema, first recognized by Gull?* and later carefully described by Ord** 
and Hun and Prudden,** is of particular interest in that it is a form of 
atrophy occurring in spite of attempts at hyperplasia and is apparently 
the result of sustained thyroid stimulation without intervening periods 
of physiological rest. It is coming to be more recognized that this form 
of atrophy is practically always preceded by hyperplasia, with or with- 
out the symptom-complex of exophthalmic goiter. This change is seen 
particularly in cases of exophthalmic goiter that are passing over into 
myxedema. Briefly, the histological changes are as follows: The epi- 
thelial cells lose the regular and uniform type characteristic of the usual 
hyperplasia and become irregular in size and shape. There is desquama- 
tion and piling up of the epithelial cells in the vesicles. The nuclei are 
in general enlarged, hyperchromatic and irreguar in size and shape. 
Nuclear figures are observed, but the new formation of cells is not suffi- 
cient to offset the cell degeneration and the vesicles become smaller. The 
surrounding fibrous tissue is relatively, perhaps absolutely, increased, 
and, as the vesicles are reduced in size, they are more and more widely 
separated. The interstitia] cirrhosis, we believe, is secondary and conse- 
quent on the destruction of the epithelial elements. We have frequently) 
observed the milder forms of this type of atrophy in exophthalmic goiter 
thyroids and feel sure that it is more common than the literature reports 
indicate. 

V. REGENERATION 

Except for normal replacing of cells as they die—a process which is 
continually going on in most glandular tissues—regeneration is a com- 
pensatory process and hence is more aptly considered a part of the general 
group of hyperplasias. Regeneration occurs following partial destruction 


22. Horsley: Brit. Med. Jour., 1892, i, 215. 

23. Gull: Tr. Clin. Soc., London, 1874, vii, 180. 

24. Ord: Med.-Chir. Tr., London, 1878, Ixi, 57. 

25. Hun and Prudden: Am. Jour. Med. Se., 1888, xevi, 140. 
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or removal of the thyroid, as has been amply shown for man and 
animals.** 

The 


n young animals after partial removal with the administration of iodin, 


new-formed tissue may remain normal in structure, as occurs 


or it may take on the characteristics of true spontaneous hyperplasia, a- 


n similar cases of partial removal without the administration of iodin 
The two groups of “Regeneration” and “Hyperplasia” are so nearly a 
part of each other that it is impossible to distinguish sharply between 
them. To say that regeneration stops when the thyroid tissue has 
attained its normal amount is not in accord with all the known facts 
The normal gland shows considerable variation in different subjects and, 
besides, there are at least two factors concerned: the first is the actual 
number of cells necessary to perform the thyroid functions under favor 
able conditions of nutrition and metabolism, and the second factor is the 
degree of cell proliferation which may occur in conditions of malnutrition 
or disturbed nutrition. Thus the statement sometimes made that com 
P 


pensatory regeneration does not exceed the normal size of the gland?! 


s not in accord with our present knowledge, for the reason that the extent 
of the cell proliferation in the thyroid depends on the physiological 
requirements of the animal and this can be markedly influenced by die 
iodin, ete. 
VI. DEGENERATIONS 

Degenerations include caleareous, hyaline and amyloid changes and 
are never seen apart from other pathological processes, as hemorrhage, 
cyst formation, etc. These changes are very frequently seen in old col- 
loid goiters, but they are always secondary changes and are never essen 
tial parts of the colloid transformation. Pure colloid goiters are not 
degenerative processes, as they have long been considered. They are more 
allied to the atrophies and are, properly speaking, involutions, since it is 
now definitely known that they obey all the known biological laws of 
normal glands (Marine and Lenhart’). 


VII. INFLAMMATIONS 
Apart from a general view that all goiter is inflammatory in nature, 
true inflammations as we regard them to-day are rare.** They may, how- 


26. Wagner: Wien. med. Bl., 1884, vii, 771. Schiff: Arch. f. exper. Path. u. 
Pharmakol., 1884, xviii, 25. Halsted: Johns Hopkins Hosp. Rep., 1896, i, 373. 
Welch: Med. Ree., New York, 1888, xxxiv, 368. Horsley: Brit. Med. Jour., 
1892, i, 215. Ribbert: Virchow’s Arch. f. path. Anat., 1889, exvii, 151. Sulzer: 
Ztschr. f. Chir., 1893, 191. 

27. MacCallum, W. G.: The pathology of exophthalmic goiter. Jour. Am. Med 
Assn., 1907, xlix, 1158. 

28. Ewald, C.: Miinchen. med. Wehnschr., 1896, xliii, 634. 
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ever, occur in the course of many of the infectious diseases, as lues, tuber 
culosis, typhoid, influenza, ete. Inflammation has frequently followed 


injuries, as in the old treatment of goiter by iodin and iron injections.” 


Vill. TUMORS 


The most frequent tumor of the thyroid is the fetal adenoma, as 
described by Billroth,*® Bloodgood,** and others. These are usually small, 
frequently multiple and may attain the size of one’s fist. There are appar- 
ently several types or phases of these tumors, ranging from the type 
closely resembling fetal thyroid which gave rise to the name, to the well- 
differentiated colloid-containing form. Likewise these tumors are known 
to undergo (reversion) involution to the colloid or quiescent state, in 
which they can not be differentiated from ordinary colloid goiter except 
for the smaller size of the alveoli and their complete encapsulation. 

Aside from the above-described form one finds encapsulated adenoma- 
tous growths of well-differentiated thyroid tissue growing, in some 
instances, apparently independently of the rest of the thyroid gland and 
histologically resembling the well-differentiated cells of ordinary thyroid 
ivperplasia. Without any definite evidence, we are inclined to look on 
them as closely related to the fetal adenoma, being only a fully differen- 
tiated type. 

Carcinoma of the thyroid is difficult of diagnosis microscopically. It 
has long been known that not infrequently one finds apparently benign 
tvpes of thyroid tumor in what are undoubtedly metastases, and also 
there are cases reported in which metastatic thyroid tissue has been found 
with no evidence of a primary growth in the thyroid. Thus it is prob- 
able that we have not recognized some of these tumors, but, on the other 
hand, it is probable that there are tumors reported as carcinoma that 
are not. In our experience, however, carcinoma of the thyroid in man 
s rare. It would appear to be in some way related to the frequency ol 
goiter, and even associated with goiter itself. Pick,** working with the 
carcinoma of brook trout, was inclined to such a view. We have observed 
two types of thyroid carcinoma. One, histologically, closely resembles 
the fetal adenoma tissue and might be called malignant fetal adenoma. 
The other preserves the characteristics of differentiated thyroid tissue. 
Seven cases of carcinoma of the thyroid in old dogs have come to our 


notice. Three of the cases had lung metastases. In all there had been 


20. Semon: Brit. Med. Jour., 1885, i, 715. 
30. Billroth Arch. f. Anat. Physiol. u. wissensch. Med., Berlin, 1856, 144 
31. Bloodgood: Surg... Gyn. and Obst., 1906, ii, 121 


32. Pick Berl. klin. Welnsehr., 1905, xlii, 1536. 
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ong-standing golters In none was there accompanying sarcoma, as 
een reported by Schone Che epithelial changes were similat those 


cescl hed by the above opserver. 


We have seen one case of mphangioendothelioma probab rig 
ting in the tl nd. but no case true sarcoma 


IX. COMPLICATIONS 


Hemorrhage and its sequel are the most frequent secondary chang 
In golter. He morrhage occurs more common nh the colo phase Lt 
s dependent on trauma and overdistention of the alveoli with su sequent 
rupture of their walls.** Hemorrhages occ n all animals in wl 
colloid glands are seen and their relative natural frequen probably is 


the same, although it seems more common in dogs. Trauma, as in fight 
ing and sudden violent exertions causing venous engorgement. perhaps 
plays an Important role in dogs. Cysts are the most important sequels 
hemorrhages and we are inclined to believe with Bradley hat the 
leat variety of cysts seen in the thyroid are probably primarily of hen 

orrhagic origin. Occasionally small hemorrhages are seen in otherwisé 
histologically normal glands. Hvdatid cysts are occasionally reported 

It seems clear from the preceding anatomical discussion that in 
development of the true goiter only three groups are primarilv involve 
viz.: (1) normal glands, (2) hyperplasias, and (3) colloid glands. 1 
variety of secondary and complicating changes, as atrophy, degeneration 
regeneration, cyst formation, etc., is almost infinite. Of the three creat 
groups, normal glands are the most important to have firmly establishe« 
since they form the base to which all other changes must be referred fo 
compar son. 

\ctive hyperplasias comprise a gradation from the nearly normal 
colloid gland (true hypertrophy) to the extreme degrees of hyperplasia 
seen 1n exophthalmik goiter. The histological appearance of a give! 
specimen, apart from the degree of hype rplasia and whatever secondai 
changes may be present. is modified by two important factors—viz: (1) 
the number of times the gland has returned to the colloid state (reve! 
sion), as, for example, in the case of r peated pregnancies when durin 


each pregnancy the re was active hvpe rplasia and aquring eac! nterva! 


there was a return to the colloid state: and (2) the length of time activ 


hvperplasia has continued without a period of rest. Thus, in the marl 
hvperplasias of exophthalmie goiter or of cretins.* we see apparent over- 
oo. Sehinme Virechow’s Arch. f path. Anat L909. exey 6a 
34. Wailfler Arch. f. klin. Chir., 1883, xxix, i, 754 
35. Bradley Jour. Exper. Med., 1896, i, 401 


16. MeGarrison Pro« Roy Soc. Med 1908, 13, No. 3. Med. Section. pn 
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crowth of fibrous tissue with very striking irregularities and disturbances 
in the nucleus-plasma relations of epithelial cells. These nucleus-plasma 
disturbances in cretin dogs are able to right themselves when iodin is 
administered, and in such glands one may then produce a regular, uni- 
form, compensatory hyperplasia by partial removal. Colloid glands are 
but exaggerations of all the structures of normal glands, depending on 
the degree of active hyperplasia preceding the involution (reversion). It 
s our belief that all colloid glands have been preceded by active hyper- 
plasia, and that passive dilatation of the alveoli due to continued secre- 
tory activity and obstruction to the lymphatic drainage is of secondary 
mportance. Rupture of the alveoli and other secondary and compli- 
eating changes may occur. So also a colloid gland may undergo second- 
ary active hyperplasia differing essentially in no way from the primary 
form occurring in a normal gland. 

RELATION OF SEX AND AGE OF THE ANIMAL AND SIZE OF THE GLAND TO 

HISTOLOGIC STRUCTURE 

It is usually stated by anatomists that the normal human thyroid is 
larger in infants and children and in females than in later periods of 
life or in males—i. e., larger in relation to the body weight. Other than 
this, sex and age have no particular relation to normal glands. The 
normal gland at birth is well differentiated into colloid-containing vesi- 
cles in the sheep, dog, ox and man. As a class normal glands are the 
smallest met. The average weights in our series were 2.08 gm. for dogs, 
12 gm. for oxen, 6.9 gm. for sheep, and 24 gm. for man.** 

Active hyperplasias in man are definitely associated with age and sex. 
Sex has no important relation to the hyperplasias in the dog, ox, sheep 
and pig. In man also sex is not a modifying factor in the hyperplasias 
of infancy and childhood. Starting with puberty, however, active hyper- 
plasia is more common in females. The clinical incidence is variously 
estimated®* from 3 to 1 to 6 to 1. The actual or anatomical incidence 
in our series is modified by the !arger proportion of males in the autopsy 
material and the larger proportion of females in the surgical material ; 
and also by the fact that any thyroids showing anatomical complications 
were not used. These factors make deductions worthless. The metabolic 
disturbances associated with the establishment of menstrual functions, 
with menstruation, with pregnancy and lactation, and with the meno- 


37. Wondenberg (Virchow’s Arch. f. path. Anat., 1909, exevi, 107) has reported 
much higher weights for normal glands in these animals. 
38. Dock: Osler’s Modern Medicine, 1909, vi, 404. 
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pause are particularly, assor iated with goiter levelopment Nothing ) 


known definitely regarding the physiological nature of the disturbances 


which stimulate the thyroid to hyperplasia at these particular periods 
Age is a factor in the hyperplasias common to all animals. They are 

more frequently observed in the young, when the thyroid is normally 

functionally more active. This is particularly true of the lower animals. 


In man it is also true, but there are modifying factors not sufficient], 
prominent in the lower animals, as. for example, the sexual cycle and the 


I 
disturbances leading to exophthalmic goiter, which are particularly ass 


ciated with goiter formation, and which modify the age limitations of 
human goiter. 

As regards the size of the glands, it may be ‘stated that the size varies 
with the degree of hyperplasia. There are exceptions to this rule, esp¢ 


ially in man. These exceptions most likely depend on a mo 


ated etiology and life cycle in human goiters.. 


Colloid glands of the lower animals have no noteworthy rel: 
sex. Sex is also not a factor in human colloid glands before puberty. 
for the reason 


After puberty colloid glands are more common in females, 


that hyperplasias are more common. 


Age is a very it 


nportant factor in colloid glands of all animals. They 
are always sequels of active hyperplasia and therefore occur at corre- 
spondingly later periods of life. The size of the colloid gland depends 
mainly on the degree of hyperplasia preceding the involution (reversion). 
Other factors, as repeated hyperplasia, medication and lymphatic obstruc 
tion inducing passive dilatation of the vesicles, operate, to a less extent, 
fy the size. Thus colloid glands may be no larger than norma 


} 
ii\ 


to mod 


- they may attain the size of the largest goiters 


Summing up, it is seen that age and sex bear no important relation 
to normal glands. In the hyperplasias age is of great importance, while 
sex is an important factor only in those hyperplasias in man occurring 
during and after puberty. In colloid glands age is also a very important 
factor in all animals—while sex is important in the human forms occur- 
ring during and after puberty. 


smallest observed. 


on the degree of hyperplasia and 


As regards size, normal glands as a class are the 


In the hyperplasias the size depends 


in colloid glands the size as a rule depends on the degree of the preceding 


liyperplasia. Thus, while the size of the gland, the age and the sex of 
the animal are related to the gland structure and its variations, they can 


nly secondary and accompanying factors to the funda 


be considered as « 
mental causes in the etiology of goiter. 
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lodin determinations 


roids, of which 96 are ust 


mining the lodin content 


(Marine and Williams*) 


from time to time, but a! 
tions and of controls in tl 
method will not lead to err 
relationship with the histo 


and the proposed modificat 





colloid thvroids, and (3) 


| 


trary subdivision of the la 


} ] } } 


\ ous used and cescriped, 
The anatomical standards being the same or as nearly the same as it 


was possible to make them, we have also brought forward the iodin 


determinations in dog, shee 


One important addition to the ear] 


noted in that the human ¢ 


colloid series is sufficiently complete to parallel the normal series in thes 
two animals and will be discussed with equal emphasis. 
Tl e reasons anatomical. 


lishing a colloid series parallel with the normal series have already been 


set forth at some length (M 


here except to state that the only essential difference between normal and 


colloid glands is that collo 
hyperplasia, while strictly 
hyperplasia. 


\s above stated. 161 dif 


iodin, of which 111 were autopsy specimens and 50 surgical specimens 
Of these only 96, of which 77 were autopsy specimens and 19 surgical 
specimens, have been included in the tables of analysis. Of the 34 (30.6 


per cent.) autopsy specimens not used 11 were from children under two 


vears; 10 from old subjects 


contained multiple small 


with fibrosis associated wit 


] 


our knowledge. been fed 


‘ing the last few mont! 


without assignable cause (myxedema), and 1 specimen had been handled 
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have been made 
d in the following 14 tables, where thev hav: 


been class fied according to their histology. The method used In deter- 


fication. We have used sev 
rtv-one cases have convinced us that the above 


] 


The three natural anator 


actively hyperplastic thyroids, with the arbi 


olloid series is nearly complete and the canine 


id glands have at some time undergone active 


ferent human thvroids have been analyzed for 


large amounts of iodin-containing compounds 


TO STRUCTURE OF HUMAN THYROID 


on 161 different human thy 


is fully described in an earlier publication 
nd has been used throughout without modi- 
eral modifications of the method proposed 
our observations by means of these modifica- 
meous conclusions if only the lodin content in 
ogieal structures is considered. The method 
ons are not quantitatively accurate. 

nical groups—viz: (1) normal thvroids, (2) 


tter group—are also the same as those pre- 


p, pig and ox thvroids for comparison. 
] 


ier recorded observations will De 
chemical (iodin) and biological for estab- 


arine and Lenhart?) and need not be reviewed 


normal glands have never undergone such 


showing histologically marked senile atrophy: 
fetal adenomata; 3 showed marked atrophy 


h chronic pulmonary tuberculosis: 6 had. to 


s of life; 1 showed marked simple atrophy 
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r demonstration poses. Of the 31 (62 per cent.) surg : 
ens not used. 11 id been previous treat vil ait mtaining 
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Variations depending on the seasons ot t ea mn e seXua n 
tions, on rest n menst itor n pregnan n mat irlatio ” 
n 100d variations, et« 

| i> ry t a nat n al | Whi ntowal act rs ft ere are a | pres 
ent mal incertainties whi can not be ay ded at present al ren 
meclusions om suc! ita dangerous except those n the gel a 


abu ted senarats { | i es 15 and 16) It W e noticed t if I I 
few cases 18 The oan ontent cal late ( thie res vlal : ~ 
Ti The wt ft tT TI ‘ ot eT specimens i reves reservs ’ lt) 7 
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39. Koch, F. ¢ Discussion on Hunt and Seidell’s paper on comme il prepa 


rations Jour. Am. Med. Assn., 1908, li, 1389 
10. Sawver, J. P New York Med. Jour LOOT <Xxvi. 68 
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Williams*' has shown, makes little or no difference as regards the iodin 
content per gm. of dried gland. 

It was impossible to get actual weights of the thyroids in the fresh 
condition in most instances and we have only indicated roughly their 
size by the terms “normal,” “slightly enlarged,” “moderately enlarged” 
and “markedly enlarged.” Thus thyroids from adults weighing between 
20-30 gm. we have called “normal,” between 30 and 50 “slightly en 
larged,” between 50 and 100 “moderately enlarged,” and over 100 gm. 
“marked \ enlarged.” 

Since the iodin content in relationship with the individual anatomical 


groupings has been discussed at length in earlier publications, they will 
here be discussed collectively in relationship with the basic anatomical 


croups—normals, colloids and the two series of hyperplasias. 


ok 


NORMAL GLANDS 


Normal glands have the highest mean and average iodin content per 
cram. This is true for all animals thus far examined. In our twenty- 

ree human specimens the highest iodin content per gram of dried gland 
was 3,691 mgm.; the lowest 1,307 mgm. The significance and explana- 
tion of this great variation in histologically normal glands becomes of 
greater importance when one notes that it is also seen with the dog, 
sheep, ox and pig thyroids. Whether it indicates variations in the intake 
or variations in the consumption within the organism, or both, is not 
clear. The evidence at present available indicates that the consumption 
of iodized protein in the body is the most constant. Thus it is known 


that the administration of very small amounts of iodin is followed by 


its rapid storage in the gland in all animals, the rapidity of the process 
depending on the degree of hyperplasia (therefore, on the lack of iodin). 
On the other hand, it is known that the withholding of iodin, as by a 
fresh meat diet,*? causes a slow loss of iodin from the gland. That these 
variations (1.307-3.691 mgm.) are not due to accumulation of jodin, 
either by accident or to an effort to render inert the piosonous properties 
of iodin, is both true and false. Thus there are differences that depend 
purely on the accidental content of the food in iodin. It is also prob- 
ably true that the iodin, so long as it remains in the thyroid, is inert 
(to the host), because it represents merely the stored iodin, or the factor 
of safety. On the other hand, broadly interpreted, none of the iodin in 
the thyroid is inert or accidental, inasmuch as it is stored there for the 


41. Marine, D., and Williams, W. W.: The relation of iodin to the structure of 
the thyroid gland. Tue Arcnives INT. MEp., 1908, i, 378. 
*See Tables 1 and 15. 


$2. Baumann: Miinchen. med. Wehnschr., 1896, xliii, 309. 
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purpose of later becoming available to the organism. All observers, from 
whatever angle they approach the question, have concluded that the iodin 
content determined the physiological activity of the protein (thyreoglob- 
ulin). Thus Roos** observed that the increased nitrogen excretion 
induced by feeding thyreoglobulin depended on its iodin content. Hunt** 
has found that the protection offered to mice against acetonitrile poison- 
ing depends on the iodin content. We have shown the biological fact that 
if the iodin falls below a quite constant level the gland undergoes char- 
acteristic and constant histologic changes, while, if iodin is given, these 
changes either do not occur or, if they have started, they are arrested. 
As one of us*® has previously indicated, we believe that the organisn 
retains iodin in the same way that it retains iron and calcium, etc., anc 
that the difference between the greatest amount of either iodin, iron or 
calcium and the least amount that may be found in the animal to be 
compatible with the maintenance of normal histological structure of th: 
tissues Immediately concerned with their storage and elaboration, repr 
sents the excess of intake over consumption, or the true physiologica 
factor of safety.** 
NORMAL SERIES—VARIOUS ANIMALS 


rABLE 1 NORMAL GLANDS * 


No lodin Per Gm., Dried Iodin Per Gm., Fresh 
Animal Cases E N \ E M \ 
4.614 1.318 
Sheep 19 2.288 2.467 0.694 0.686 
1.247 0.318 
4.322 1.064 
Dog OD $22 0.757 0.777 
1.90 0.512 
4.1 1.456 
Vig 1S 2.412 2.515 0.778 O.884 
1538 0.42 
1.768 1.592 
Ox 17 254 3.461 1.069 1.117 
2° 730 0.892 
691 0.451 
Man 23 2.153 2.171 0.403 0.402 
1.307 0.310 


*In this and the following tables, EF stands for extreme, M for mean, and A for 


iverage Iodin figures are in mgm 


13. Roos Ztschr. f. physiol. Chem., 1899, xxviii, 40 

44. Hunt: The relation of iodin to the thyroid gland. Jour. Am. Med. Assn.. 
1907, xlix, 1323 

$5. Johns Hopkins Hosp. Bull., 1907, xviii, 359 

16. Meltzer. S. J The Harvey Lectures, 1906-07 Lippineott, Philadelphia 
1908, p. 139 
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rARLE 14 NORMAL-COLLOID GLANDS 


Iodin Per Gm., Dried Todin 
Anima ase M A 


HYPERPLASTIC GLANDS 
The two series of hyperplastic glands, “normal” and “colloid,” 


parate and distinct anatomically, are alike chemically (iodin). That 


while 


= 
s, the iodin varies inversely with the degree of active hyperplasia, 
whether the hype rplasia occurs on the basis of a normal or of a colloid 
sland. This is illustrated very clearly in the curves (Figs. 8 and 9) of 
the two series. Here it is seen that the general trend of the curve is 
the same for all the animals examined, and also for both the normal and 
the colloid series. There are twenty-three cases of active hyperplasia in 
the normal series and seventeen cases in the colloid seris. 

1. First taking up the hyperplasias of the normal series:* The most 
striking and perhaps the most important fact brought out is the great 
drop in the iodin content that occurs before histological changes are 
noticed. This is equally true of all the animals (see normal series’ 
curve, Fig. 8). Reference to Table 15 shows that the lowest normal 
iodin content (1,307 mgm.) is well above the highest iodin content 
(1.077 mgm.) of the hyperplasias. This is also true of all the ainmals. 
It indicates that there is a quite constant lower limit in the iodin con- 
tent necessary for the maintenance of normal gland structure and if 
the iodin falls below this limit, hypertrophic or hyperplastic changes 
egin. In our normal thyroid series the lowest iodin content per gram 
f dried gland associated with normal structure, and the highest iodin 
content associated with hyperplastic changes run as follows: For man, 
1.307 and 1.077; for the dog, 1.990 and 1.296; for the sheep, 1.247 and 
0.677; for the ox, 2.730 and 2.676, and for the pig, 1.538 and 1.158 mgm. 
Just as the earliest histological variations from the normal are the most 


t t 


*See Tables 1. 7 and 15 
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important in the anatomical study of goiter formation, so also are the 
earliest deviations from the lowest iodin content compatible with normal 
structure. As we have just seen, the iodin content of normal glands 
varies within extremely wide limits, so also does the iodin content of 
pure colloid glands. But, on the other hand, the lowest iodin content 
compatible with normal structure and the highest iodin content asso- 
ciated with the hyperplastic changes vary within extremely narrow limits, 
and, further, these limits are practically the same for four out of the 
five animals studied. (Why the ox thyroids should show an exceptionally 
high lower limit of iodin compatible with normal gland structure is not 
clear. In an earlier paper we have suggested it might be a biologicai 
| species] characteristic, inasmuch as these animals have relatively small 
thyroids.) It will be recalled that in the normal glands the highest 
amounts of iodin observed were also quite constant, being 4.614, 4.722, 
1.153, 4.768, and 3.691 mgm. per gram of dried gland, for sheep, dog, 
pig, ox and man respectively. This observation, when taken in connec- 
tion with the quite constant lower limit of iodin necessary for the main- 
tenance of normal structure, adds weight to the view first suggested by 
the iodin feeding experiments—viz., that there is a definite limit to the 
combining capacity of the protein for iodin, and that any excess of 
iodin beyond this is excreted. Such a view would accord with the fact 
that iodin given to animals with glands in the stage of active hyper- 
plasia has an action like desiccated thyroid, in that it increases the nitrog- 
enous excretion and causes loss of body weight, while iodin not in the 
form of desiccated thyroid administered to dogs with histologically nor- 
mal or colloid glands does not produce these effects on metabolism. 

Passing to the other degree of hyperplasia it is seen that, instead of 
the great drop in the iodin content noted between “normal” and “normal- 
early” glands, the loss of iodin, while progressive, is more gradual and 
reaches its lowest point in the marked glandular hyperplasia group. This 
is true for all animals. Of the seven cases of marked glandular hyper- 
plasia six were from cases of exophthalmic goiter and one from a case 
of pernicious anemia. This is important. In the first place, it shows 
that in this loeality the goiters of the exophthalmie group constitute the 
most frequent types of pure marked glandular hyperplasia, although we 
have frequently seen nearly as marked types of hyperplasia without the 
clinical complex of exophthalmice goiter. It also indicates that these 
forms are less frequently treated with iodin-containing compounds than 
are the forms occurring in childhood, puberty, pregnancy, ete. 


2. The colloid series of hyperplasias (see Fig. 9 and Tables 8, 13 


and 16) is in general similar to that of the normal series. We have 
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observed the complete series in the dog. Our human series is incom- 
plete, for the reason that complicating factors such as hemorrhages 
and scar formations, the result of previous hyperplasia, were present, 
and, having excluded such cases from the normal series, we had also 
to exclude them from this (colloid) series. The reason for exclusion 
was, in both series, the possibility of these complications modifying 
the findings. The general histological picture and the iodin contents 
of the colloid series are similar to those of the normal series. In the 
dog the normal and colloid series are parallel. In the human col- 
loid series, as in the norma! series, the most striking feature is the great 
drop in the iodin content that occurs in pure colloid glands before hyper- 
plastic changes begin. Its physiological significance is the same and 
means that colloid glands are the nearest to normal that glands which 
have once undergone hyperplasia can become; also, that colloid glands 
react to the same stimuli as do normal glands. That the colloid series 
should show more irregularities than the normal series is to be expected. 
First, the size of colloid glands is more variable, as compared with the 
quite constant size of the normal glands; therefore, the same total 
amount of iodin in glands of variable size would give quite variable 
iodin content per gram of dried gland. Most of the large glands, how- 
ever, were complicated by hemorrhage or degenerative changes and were 
not used. Second, the duration of the goiter, the presence of cysts, hem- 
orrhage or degenerations, interference with the normal lymphatic drain- 
age by pressure, fibrosis, etc., the effects of medications (z-ray, etc.), 
all modify the iodin-containing capacity of the tissue and its physiolog- 
ical value to the organism. In consequence of the presence of these 
many factors it is noteworthy that the parallelism between colloid and 
normal glands in the human series should be so close. In the lower 
animals, where many of these modifying factors are absent, a still closer 
parallelism exists. 
COLLOID GLANDS * 

There were twenty-five human glands in the colloid group. The 
extremes of iodin content were 3.914 and 0.784 mgm. per gram of 
dried gland. These extremes are somewhat greater than those of normal 
glands. So also colloid glands of dogs show greater extremes (3.608 
and 0.846 mgm.) than the normal glands of dogs. This is to be expected, 
for the reason that colloid glands are of more variable size (usually 
larger) than are normal glands, and also for reasons indicative of a more 
complicated life-history, many of the factors of which are still unknown 


* See tables 8 and 16. 








TABLE 16.—COLLOID SERIES—MAN 








Series Anchemicn: Size of Visible <= 
or Clinical Gland Colloid. = + 
. Diagnosis. Pan 
~~ Ai} 
> ain o 
St. — 
mgm. men 
H-263 M.|28 A. |Rachitic dwarf; em- Mod erately) Visible O 184 
pyema enlarged 
H.356. M.'15 8S. |Colloid goiter M oderately Visible 0.261 0.064 
enlarged 
H-264. F. 8. Moderately Visible ’ 0 338 
enlarged 
H-369. M. 24 S.|Exophthalmic goiter.| Mode rately) Visible t 0.366 
enlarged 
H-274. M. 68, A. Cerebral hemorrhage. M od erately Visible. 0. 384 
enlarged. 
H-301 M.|72 A. Chronic interstitial Slightly en-| Visible.. t 8 461 
nephritis. larged. 
H-230. F. |73 A. |Senility; pneumonia..|/Slightly en- Visible t 0.492 0.116 
larged 
H-268. F. Ss Marked en- Visible T\7 0.446 
largement 
H-365 F. 15 8S. |Colloid goiter Marked en- Visible +\+ 0 60K 
largement 
H-231. M. 16 8. Colloid goiter Marked en-| Visible 0.595 
largement. 
H-235. F. 29 A. |Carcinoma of ovary Moderate en-- Normal 0.615 
largement 
H-247 M. 45 A. Hemorrhage into me-| Normal.. Normal t 0.769 
dulla oblongata 
H-277. F, |22)| A. | Eclampsia Moderate en- Visible 0.815 
largement 
H-148. F. 30 A. |Septicemia. Slightly en-| Visible. 0.831, 0. 208 
larged. 
H-282. M.|70 A. | Prostatic hypertro- Slightly en- Visible 0.84 
phy larged. 
H-341. F. |\64, A. |Carcinoma of jeju-| Moderate en-| Visible. t 0.86) 
j num. largement 
H-284 F. 30' A. Tuberculous periton-| Moderate en- Visible 0 887 
| itis largement 
H-285 F. 40 A. | Pulmonary embolism.) Markedly en- Abundant 0. 784 
I¢ 
H-262 F 32 «3S. |Exophthalmic goiter Abundant. + 0.828 
H -266. F Ss Abundant 0 984 
H-257 F. 40 S, Cyst of thyroid.. Abundant. + 1.215 
H-212. F. |23, S, |Exophthalmic goiter Abundant. * 1.276 0 304 
H-309. M.|70 A. Cerebral hemorrhage.|Smali.. Visible.. t 1.277 
H-317 M./35| A. Generalized tubercu-|Slightly en-| Normal 1.277 
losis larged. 
H-252. M. 16 A. Acute endocarditis. Marked en- Abundant 1507 
largement 
H-250. M./40 A. Multiple fractares;| Normal.. Abundant 1.507 0.345 
Sepsis. 
H-228. M. (35 A, | Fracture of skull Small.. Normal. 1 538 
H-220. M.'35 A. Lobar pneumonia Normal.. Normal 1.540) 0.331 
H-326. F. |30| A. Cirrhosis of liver;| 7? Abundant. + 1.692 
luetic 
H-330*. F. |20 A. |Pyosalpynx; general|Slightly en-) Normal 1.760 
peritonitis larged 
H-348a. F. S. |Cystic colloid goiter Abundant. + 1.922 
H-342 M. 68 A. | Ulcer of stomach(? Small.. Normal t 1.922 
H-233t M. 35 A. Fracture of skull Slightly en-| Abundaat 1.922 
larged. 
H-229... F. 49 A. Carcinoma of bladder|Slightly en- Abundant 1.970 0 614 
urinary}. larged. 
H-314. M. 45 A. Pernicious anemia Small . Normal + 2.307 
H-362..... M./56) A. |Chronic interstitial) Normal... Abundant. + 2 615 
nephritis. ‘ 
H-275. M. 50, A. |Carcinoma of urinary| Moderate en-| Abundant. + 2.861 0.701 
bladder. largement, 
H-294, F. 33 A. Ectopic gestation; Moderateen- Abundant. + 2.922 
| peritonitis. |; largement. 
H-225. M.'27| A. |\Cardiac disease;|Slightly en- Abundant 3.158 
| chronic nephritis. | larged. 
H-245. M./50| A. |Carcinoma of pros-| Normal.. Normal. + 3.507 0.798 
tate. | 
H-299. M.|54| A. Chronic interstitial|/Slightly en- Abundant 3 691 
nephritis. larged. 
H-227. M.|40 A. 'Lobar pneumonia Slightly en- Abundant. + $914 


larged. 





* Negress + Healthy young adult 
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e. g., the condition causing the hyperplasia, or the condition causing 
the involution (reversion). The mean and average iodin contents of 
colloid glands are but little below the mean and average of normal 
glands. This is probably accidental, for the reason that most of these 
cases are autopsy specimens, and many of them had received iodin med- 
ication. Reference to Table 16 shows that the iodin content of the 
colloid glands can be raised to the same degree as that of normal glands. 
It is also seen that the iodin contents of colloid glands are the nearest 
approach to those of normal glands that one meets, a fact which supple- 
ments their anatomical similarity to normal glands. Thus, just as in 
the normal series, so in the colloid series, the greatest drop in iodin con- 
tent occurs between pure colloids and the first detectable hypertrophic or 
hyperplastic changes. With a single exception, clearly dependent on the 
size of the gland, the lowest iodin content associated with a pure col- 
loid gland is above the highest iodin content associated with active hyper- 
plasia. In the case of colloid glands one can not say at what level of 
iodin per gram of gland hyperplastic changes would become manifest 
unless it is possible to work with glands more or less constant in size and 
free from complications. In our series as in our dog series it has been 
possible to work with colloid glands but slightly different from normal 
glands. With such a series it is easy to prove that colloid glands are 
similar to normal glands as regards their iodin contents. 


NORMAL-COLLOID GLANDS * 


This group of eight glands has been separated for the reason that 
histologically we could not decide whether they were normal or colloid. 
If they had undergone hyperplasia it was exceedingly slight. On the 
other hand, the size of the glands, their stroma and the outline of the 
vesicles did not fit the usual picture of normal glands. The iodin con- 
tent closely resembles both normal and colloid glands as regards the 
extremes, mean and average. Ordinarily these glands would be consid- 
ered normal, and they are normal as regards any physiological or clinical 
significance. 

RELATION OF SEX, AGE, AND SIZE OF THE GLAND TO THE IODIN CONTENT; 
IODIN IN THYROID TUMORS 

We have not observed any difference in the iodin contents of thyroid: 
referable to sex, either in man or in the lower animals. Slight differ- 
ences in the iodin content, if present, could not be detected by the pres- 


*See Table 14 
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ent methods of examination, while slight differences in the weights of 
the glands are more easily detected. 

As regards age, Baumann*’ was the first to report differences. Since 
then all subsequent observers have confirmed his general conclusions, that 
iodin is lowest (in some cases absent) in infants’ thyroids, gradually 
rises during the period of growth, continues more or jess constant dur- 
ing the middle period of life (25 to 55 years), and finally falls slightly 
in old age. As regards the presence of iodin in infants’ thyroids, dif 
ferent observers have reported different results. Thus Weiss** reports 
S cases, the patients being from 24 days to 71% vears of age, all of 
which showed traces of iodin. Baumann** in 17 Freiburg cases, pa 
tients from 1 day to 7 years of age, found iodin present in 12. In 5 cases 
from Hamburg, from 5 days to 1 year of age, it was present in all. Von 
Rotsitzky*® found iodin present in 6 of 8 cases, while Miwa and Stdltz- 
ner®® found iodin in all of the 6 cases examined. Oswald*' also reports 
positive findings in all his cases. Jolin®* found iodin present in 20 of 27 
cases examined. We have examined 10 subjects under one year of age 
and found iodin present in all. The highest was 0.482 mgm. per gram 
of dried gland, the lowest (an infant 1 month old) 0.027 mgm. per 
gram of dried gland. We have not examined any human thyroids at 
birth. In puppies whose mothers have been fed iodin we have detected 
it in glands at birth in all cases; while we have not detected any iodin 
in the thyroids of puppies whose mothers had not been fed iodin during 
pregnancy. Nagel and Roos** have recorded similar observations. Hunt 
and Seidell** from the results of their examinations and experiments 
favor the view that iodin is not uncommonly absent at birth and tha 
the protection which such thyroids offer to mice against acetonitrile poi 
soning may be due to some other constituent of the protein. From th: 
above references of recorded observations it is seen that iodin to the 
extent of mere traces has been found in most cases. However, findings 
negative to the tests at present in use, do not mean that iodin was alto- 
gether absent, and before it can be said that iodin is normally absent 


at birth more accurate methods of iodin determination must be devised 


47. Baumann: Miinchen. med. Wehnschr., 1896, xliii, 309 

48. Weiss: Miinchen. med. Wehnschr., 1897, xliv, 6. 

49. Von Rotsitzky: Wien. klin. Wehnschr., 1897, x, 823 

50. Miwa and Stéltzner Jahrb. f. Kinderh.. 1897, xlv. 871 

51. Oswald Ztschr. f. physiol. Chem., 1897, xxiii, 265 

52. Jolin: Festsechr. f. 0. Hammersten, 1906 

53. Nagel and Roos Arch. f. Anat. u. Physiol. Supplementary Volume, 1902, 
p. 267. 


54. Hunt and Seidell Bull. 47, P. H. and M.-H. S., 1909, p. 49 
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There is no doubt that iodin may be absent (undetectable) at birth, for 
the same reasons that it is in older animals (hyperplasia, cretinism). 

In old age there is a slight decrease of iodin, associated with and per- 
haps parallel with senile atrophy. Thus, in our series, there were seven 
(not included in the tables) normal senile glands. ‘The highest iodin 
content was 1.584 mgm., the lowest 1 mgm., and the average 1.299 
mgm. per gram of dried gland, as compared with 3.691, 1.307, and 2.171 
mgm. respectively for uncomplicated histologically normal glands. In 
conclusion it may be stated that, while age bears a quite constant rela- 
tion to the iodin content, it is one of the least important factors influ- 
encing the iodin content. 

The relation of the total iodin to the size of the thyroid, when taken 
by itself, has little value. This relationship has been the subject of many 
controversies between those who sought to show that iodin was related to 
goiter formation and those who sought to show that iodin was merely 
accidental. All workers have agreed that in general goiters tend to con- 
tain less iodin than normal glands. To this there are many exceptions, 
however. These exceptions could probably be explained, as we have pre- 
viously pointed out, by comparing the histological structures with the 
iodin contents. We have made such comparisons in the sheep, dog and 
man, and have found that, as a rule, colloid goiters have more iodin 
(total) than have normal glands, while active hyperplasias for all the 
animals examined have much smaller total iodin contents than normal! 
glands.*® Therefore, any discussion of the relation of iodin to the size 
of the glands is useless unless it is based on the more important factor 
of histologic structure. In general it may be stated that all actively 
hyperplastic glands have a smaller total iodin content than normal 
glands; and that the total iodin varies inversely with the degree of 
glandular hyperplasia. On the other hand, all pure colloid glands usually 
have more iodin than the minimal normal content (though, as a rule, 
per gram of dried gland, colloid glands have less iodin than normal 
glands). The total amount of iodin that a gland may contain obviously 
depends on its size, the accidental circumstances of food, medication, 
locality, ete. Oswald,®* and all subsequent observers, have shown that 
the colloid of colloid glands (goiters) may contain as high a percentage 
of iodin as the colloid of normal glands, and that such colloid has the 
same physiological activity as colloid from normal glands. 


55. Marine and Lenhart: Further observations on the relation of iodin to the 
structure of the thyroid gland in the sheep, dog, hog and ox. THE ARCHIVES INT 
Mep., 1909, iii, 66. 

56. Oswald: Virchow’s Arch. f. path. Anat., elxix, 444. 
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The presence of iodin in thyroid tumors is also of interest and may 
be referred to at this time. It is the rule to find iodin in fetal adenoma. 
We have examined nine such tumors and have found iodin in eight. 
The highest iodin content was 0.593 mgm. per gram of dried tumor, 
while the average content of the eight cases was 0.174 mgm. The speci- 
men in which no iodin was demonstrable was removed at operation, 
together with some of the surrounding original thyroid tissue, whic! 
histologically was pure colloid gland (goiter) and contained 1.922 mgm 
of iodin per gram of dried gland. The tumor had the usual character 
istics of fetal adenoma. It was a round, encapsulated, soft, grayish, 
of 


A 


cellular mass of tissue 4 by 4 c.m., and histologically was composed 
uniform, small, undistended alveoli lined with cubical epithelium. In 
these benign tumors the iodin content varies with the structure just as 
in the simple hyperplasias, being lowest in the very cellular actively 
growing tumors and highest in those that have undergone involution 
(reversion) to the colloid state. We have examined metastases from two 


eases of thyroid carcinoma in dogs, but found no iodin. 


SUMMARY AND DISCUSSION 

When all the glands are arranged according to their histological 
structures with normal or colloid glands at one end and the marked 
hyperplasias at the other, as in the full tables (Nos. 15 and 16), it is 
seen that the normal and colloid glands have the highest and the marked 
hyperplasias the lowest iodin contents. This is true for all the animals 
examined. It also shows that the iodin varies with the amount of stain- 
able colloid; inversely with the size of the glands (in hyperplasias) and 
inversely with the degree of active hyperplasia. These relations were 
earlier shown to be true of dog, sheep, ox and pig thyroids. Such con- 
stant relations of iodin to the gland structure can not be accidental 
when taken in connection with other established facts. Thus Roos** has 
shown that the physiological action of desiccated thyroid (as ascer- 
tained by the nitrogen excretion) varies directly with the amount of 
iodin in organic combination. Oswald™ repeated this work, using thyreo- 
globulin from normal and from goitrous glands with the same results. 
He also showed that the action of thyreoglobulin of goitrous glands was 
not different (qualitatively) from that of normal thyreoglobulin. Hunt 
and Seidell** have obtained similar results with the acetonitrile indi 
cator. Although at first disputed, it is now abundantly confirmed that 
the beneficial effect, clinically, of desiccated thyroid on goiter is parallel 


with its iodin content. We have shown™ that the administration of 


iodin to animals with active hyperplasia has the same pharmacological 
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effect that desiccated thyroid has on normal animals. Further, it has 
wen shown that feeding any iodin-containing compound very quickly 
(in three or four weeks) causes hyperplastic glands to revert, and that 
this change is associated with the rapid accumulation of iodin in the 
gland. It is of little or no consequence whether the hyperplasia occurs in 
man or animals, or whether it is associated clinically with myxedema 
(cretinism) or with exophthalmic goiter. So also it has been pointed 
cut that iodin prevents the occurrence of fetal thyroid hyperplasia in 
puppies whose mothers have had most of their thyroids removed. Also 
it has been shown that iodin will prevent the compensatory hyperplasia 
following partial removal of the thyroid. In the presence of sufficient 
doses of iodin all true hyperplasia is prevented. Such evidence, it seems 
to us, is the highest or biological proof that iodin is an active, perhaps 
the most active, constituent of the thyroid secretion. Recent observa- 
tions by Fassin®? and Marbé** indicate that iodin markedly raises the 
alexic (opsonic) activity of the blood serum. This is perhaps of great 
interest in that it may tend to explain why iodin benefits certain chronic 
inflammatory processes, and also why cretinoid animals manifest very 
low resistance to infectious agents. All of these facts show that during 
the active growth of the goiter there is a deficiency of iodin in the thy- 
roid. This general observation recalls to mind the extensive chemical 
analyses that were made by Prevost and Maffoni,®® by Niepce,®® by 
Marchand™ (quoted by St. Lager), and, more particularly, by Chatin,” 
and their conclusion that goiter was due to lack of iodin. They attrib 
uted the deficiency to a lack of iodin in the water and air, pointing out 
that along the seacoast, and in localities where iodin was present in rela- 
tively large quantities, goiter did not frequently occur. Their methods 
of chemical analysis were faulty, and their conclusion was easily over- 
thrown by the extensive examinations of water, air and soil that fol- 
lowed. It seems now firmly established that there is an actual deficiency 
of iodin in the thyroid during the stage of active hyperplasia. On the 
other hand, the vast collections of statistical evidence on the iodin con- 
tent of waters and foods, as well as the occurrence of goiter in some and 
not in other members of groups of men living under the same conditions 
of food and water, as in schools, barracks, garrisons, etc., would leave 


little doubt that the deficiency of iodin was not commonly due to a lack 


57. Fassin: Compt. rend. Soc. de biol., Paris, 1907, Ixii, 390; 1909, Ixvi, 457. 
58. Marbé: Compt. rend. Soe de biol., Paris, 1909, Ixvi, 432 

59. Maffoni: Atti d. Accad. med.-chir. de Torina, 1846, ii, 453. 

60. Niepee: Traite du goitre et du crétinisme, 1852, ii. 


61. Quoted by St. Lager Etudes sur les causes du erétinisme, Paris, 1867. 
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of iodin intake. Therefore, it would seem that some other agents or 


factors were operating in these cases. As 1s we | known, many, indee 


ilmost all the ordinary mineral substances, infectious agents, ete., ha 


from time to time been accused. The infectious origin has been sup 


ported bv Virchow. Bircher, Kocher, Hirsch and others, and reac] 


ed its 


greatest popularity during the early period of ba eriological investi- 
yation (1850-85). Since Schiff, Wagner and Halsted*® first established 


the fact that compensatory hyperplasia normally followed removal of 


the gland, and that this hyperplasia was in no way different from the 


changes in developing goiters, the infectious theory has been declining, 


while the nutritional or metabolic view has been gaining. To be sure. 


changing the water-supply and boiling the water have been associate 
} 


d searcely be any greater argu- 


with a decrease of goiter. But this cou 
ment for an infectious origin of goiter than for a metabolic (chemical) 


one. But, whatever the ultimate causal factor is shown to be, it is ce1 
tain that there is a defi ency ol odin in the gland, and that this defi 
ciency of iodin in the gland is not usually due to a lack of iodin intake, 


but is dependent on a lack of absorption or assimilation of iodin. And it 


is our belief that one or more chemical substances will be found which 


are antagonistic to or inhibit the normal absorption or assimilation of 


iodin. 


RELATION OF IODIN CONTENT AND HISTOLOGICAL STRUCTURE TO DISEASE 
PROCESSES IN GENERAL 

Any discussion of the relation of the thyroid to disease processes 
must take account of both the histological structure and the iodin con 
tent of the thyroid, since these two factors have the following constant 
relation: The iodin content varies inversely with the degree of active 
hyperplasia. Is this relation merely accidental or is it one of cause an 
effect? Sufficient data are now available to prove that this relation is 
uot accidental. These data may be summarized as follows: 

l. Partial removal of the thy roid is normally followed by compensa 
tory hyperplasia of the remaining portion. The extent of the resulting 
hyperplasia is known to depend on the age of the animal, the amount of 
gland removed and the quality of the food. Horsley,** Halsted,?* Ma- 
rine,t Marine and Williams.‘ 

2. Withholding iodin increases the extent of the hyperplasia follow 


ing partial removal ( Marine‘), and also causes hyperplasia without pat 


tial removal (Baumann*’, 4°). 


62. Horsley Proce. Roy. Soe., London, 1886, x1. 6 
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3. The administration of iodin causes active hyperplasias of all ani- 
mals to revert to the colloid state; prevents the occurrence of active 
hyperplasia following partial removal of glands which otherwise would 
undergo hyperplasia. 

4. The administration of iodin prevents hyperplasia of the thyroids 
of puppies from bitches in which three-fourths of the gland has been 
removed. 

5. Normal thyroids of all the animals examined have the highest 
and marked hyperplasias the lowest iodin contents. 

6. The administration of iodin-containing compounds to the animal 
in any form and by any method is rapidly followed by its storage in the 
thyroid in quantities that bear no relation to the iodin content of the 
other tissues. 

7. The rapidity of accumulation and the amount of iodin thus taken 
up by the thyroid depend on its size and the degree of active hyper- 
plasia. 

8. The physiological activity, as determined by the nitrogen excretion 
(Roos,**), by the loss of body weight (Marine and Lenhart?,®*), and by 
the acetonitrile reaction (Hunt,** Hunt and Seidell**), depends princi- 
pally on the amount of iodin in organic combination. 

9. It has been shown (Marine and Williams,‘ Marine and Len- 
hart?, *°) that in dog, sheep, pig, ox and human thyroids there is a 
quite constant minimum percentage of iodin necessary for the main- 
tenance of normal gland structure. 

While practically nothing is known of the causes leading to the iodin 
deficiency in the animal, the above facts, beyond doubt, show that the 
increased growth and divisional activity of the thyroid cells are inti- 
mately associated with a decrease of iodin, and that the increased iodin 
content is similarly associated with a decreased growth and divisional 
activity of the thyroid cells. On this basis one would expect to find 
thyroid changes resulting from any cause which diminished the intake 
or assimilation of, or increased the body demands for iodin, and that, 
therefore, all thyroid changes would be compensatory in nature and 
secondary to more fundamental causes, perhaps nutritional in nature. 
Also we would expect to find active hyperplasia (goiter) always pre- 
ceded and accompanied by other systemic disturbances, especially those 
of a nutritional nature. There are other views regarding the nature of 
thyroid hyperplasia. Thus it is looked on by many as an infectious 
process in which some specific organism plays a primary réle. The argu- 
ments for this view are of the same nature as those advanced in support 
of the microbic etiology of cancer. They need not be discussed here. 
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Another view, advanced by Gauthier®® and Moebius,®* is that cer- 
tain types, at least, of thyroid hyperplasia are primary processes. This 
view is particularly applied to exophthalmic goiter, and implies that the 
thyroid changes are idiopathic and spontaneous, and that the thyroid 
abnormality by means of a hypersecretion or perverted secretion causes 
the disease. Without going further into the almost countless theories 
regarding the nature of the thvroid reaction, most of which have only 
an historical interest, it may be said that the three views above men- 
tioned are the only active ones at present and may be summarized as 
follows: 1. Active hyperplasia is a compensatory and secondary reac- 
tion to a disturbance of nutrition. 2. It is the result of a specific infee- 
tious agent. 3. It is a primary thyroid disturbance. 

A great variety of diseases are associated with or accompanied by 
noticeable thyroid changes. Thus rickets, lymphatism, chlorosis, cre- 
tinoid states and osteomalacia (?) are practically always associated with 
anatomical changes in the thyroid. Many of the prolonged infectious 
diseases, as lues, typhoid fever, influenza, acute articular rheumatism 
and tuberculosis, are frequently associated with or followed by thyroid 
hyperplasia. In individuals with adenoids and enlarged tonsils (lym- 
phatism) (?), in abnormally fat children and in adiposis dolorosa,®® the 
association is not infrequent. In conditions in which mental and nerv- 
ous fatigue have lasted for prolonged periods of time, as in neuras- 
thenia, and in prolonged mental states produced by worry, shock, anx- 
iety, overwork, etc., thyroid changes are frequently observed. Also 
there is a particular association of thyroid changes with the systemic 
changes taking place at puberty; with *he menstrual function; with 
pregnancy and lactation, and with the menopause. Lastly, thyroid 
changes are perhaps most frequently seen in the poorly fed and poorly 
nourished young (puppies, lambs, calves and children). 

While all the groups of disease processes above enumerated have long 
been associated with thyroid changes, by some writers as cause and 
effect, by others as accidental, it is clear that they represent only a por- 
tion of the factors or agents capable of instituting conditions of nutri- 
tion favorable for the development of thyroid hyperplasia. Thus, while 
thyroid hyperplasia (goiter) may occur anywhere, it is particularly asso- 
ciated with certain localities. Thus far nothing specific in the geology, 
climate, food or otherwise has been found to account for this increased 


63. Gauthier: Rev. de méd., 1890, x, 409. 

64. Moebius: Centralbl. f. Nervenh., 1887, x, 225. 

65. Price: Am. Jour. Med. Se., 1909, exxxvii, 705. Guilliam and Alquier: 
Arch. de méd. expér. et d’anat. path., 1906, xviii, 680. 
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frequency. We believe, however, that some agency or factor will be 
found in these districts that operates to produce hyperplasia by inter- 
ference with the normal chemical processes of the body. 

As was first pointed out by Hale White,® if one examines any large 
series of human thyroids he will find a considerable number showing 
hyperplastic changes in cases in which the subjects during life showed 
no symptoms known to be associated with thyroid disease. His observa- 
tions have been abundantly confirmed, not only for man, but for the 
lower animals as well. Indeed, it is most striking in carnivora. Thus 
90 per cent. of the dogs in this district have active thyroid hyperplasia, 
and yet, so far as we are at present able to detect clinically, most of 
these dogs are normal. This does not mean, however, that such animals 
have no symptoms directly associated or parallel with the thyroid 
changes. For we know that after these changes have reached a certain 
degree all animals show clinical manifestations. It rather indicates that 
the thyroid is extremely sensitive to stimuli and that the symptoms pro- 
duced in most cases are below the present level of clinical detectability. 
In man the greater proportion of thyroids showing histological changes 
toward goiter formation are not associated with detectable clinical mani- 
festations. Most of these milder degrees of thyroid changes spontane- 
ously right themselves when the underlying or accompanying disease 
disappears, as, for example, the hyperplasia associated with influenza, or 
typhoid, or pregnancy, etc., rarely comes to clinical notice. Thus it is 
that all autopsy series show such a great proportion of thyroid changes 
without detectable clinical manifestations. 

Thus far we have been discussing thyroid changes only, but it must 
not be overlooked that these changes are as a rule associated with other 
tissue reactions. The lymphoid tissues and bone marrow are very fre- 
quently hypertrophied as well. This association may be present in al! 
the clinical forms of goiter, including cretinism. It is most frequently 
noticed, however, in exophthalmic goiter and in cretinism. This very 
common association with exophthalmic goiter was first recorded by Mark- 
ham®* and is now recognized as a constant accompanying condition in 
all the severe cases. There are differences of opinion as to the signifi- 
cance of these changes, particularly in exophthalmic goiter. Thus, Boit*’ 
and Capelle®** regard the condition as lymphatism associated with exoph- 
thalmic goiter. Hansemann,’*® Hirschlaff**? and others think that the 

66. Markham: Tr. Path. Soc., London, 1858, ix, 163. 


67. Boit: Frankf. Ztschr. f. Path., 1907, i, 187. 
68. Capelle: Beitr. z. klin. Chir., 1908, lviii, 353. 
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thymic enlargement is due to thyroid toxins. Hart** thinks that the 
thymus toxins start the thyroid changes. Last, there is the view sup- 
ported by Marie,*° Hektoen,"* Marine* and T. Kocher** and others, that 
these changes are a part of the disease. Whether the association is 
merely coincident or is dependent on some other as yet unknown nutri- 
tional disturbance is not determined. The present knowledge would indi- 
cate a very close relationship between goiter and lymphoid hyperplasia 
and, since lymphoid hyperplasia is also common in rickets, chlorosis and 
lymphatism, it would indicate that if these diseases, in common with 
goiter, have specific causal agents, these agents are all frequently active 
at the same time and in the same individual. 

Finally the question arises: Are the thyroid changes associated with 
the diseases above enumerated identical as regards their anatomy, their 
chemistry and their biological reactions? So far as we are able to detect 
these changes, they are identical. In all there is the lowering of the 
iodin inversely with the degree of hyperplasia. The histological picture 
is identical in all, and they react alike to iodin-containing compounds. 
The changes in exophthalmic goiter are considered by many to be sep- 
arate and distinct, and will be discussed separately. 

To sum up: It is seen that active hyperplasia accompanies and fol- 
lows a great variety of clinical diseases: that it is far more commonly 
and easily detected anatomically than clinically; that with whatever 
disease associated, the anatomical changes are the same; the iodin con- 
tent varies in the same way in all, and they all react alike to iodin-con- 
taining compounds; that changes in the lymphoid tissues are frequently 
observed along with goiter, and also with other diseases with which goiter 
is frequently associated. On this evidence we conclude that the thyroid 
changes are not specific or primary, but are only the result of stimuli, 
constant perhaps, arising in the course of many nutritional disturbances 
(diseases). 


RELATION OF THE IODIN CONTENT AND THE HISTOLOGICAL STRUCTURE TO 
EXOPHTHALMIC GOITER™® 


It is concerning the recognition and the separation of the essential 
from the accidental findings in exophthalmic goiter that the difficulties 
and controversies have arisen. This is true of both the clinical and the 


69. Hart: Miinchen. med. Wehnschr., 1908, lv, 668. 

70. Marie: Gaz. d. hép., 1893, 202. 

71. Hektoen: Internat. Med. Mag. Phila., 1896, iv. 584. 

72. Arch. f. klin. Chir., 1908, Ixxxvii, 131. 

73. Dock (Jour. Am. Med. Assn., 1908, li, 1119) has lately reviewed the ques- 
tion of the appropriate name for this disease and we agree with him in pre- 
ferring the term “exophthalmic goiter,” though an objectionable one, to such des 
ignations as “Flajani’s,” “Parry’s,” “Graves’” or “Basedow’s disease.” 
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laboratory observations. The amazing quantity of literature that has 
accumulated about this disease in the past twenty-five years clearly indi- 
cates that neither clinical studies alone nor anatomical studies alone, 
nor the combination of these alone, will accurately define what should 
be included under the term exophthalmic goiter. 

This disease is associated with and in all probability depends pri- 
marily on nutritional disturbances, the nature of which is not deter- 
mined, and it is not even known whether they are fundamentally the 
same in all cases. The anatomical changes, the iodin relations and the 
general phenomena of the disease will be discussed in the order named. 
The views as to the relation of the anatomical changes may be grouped 
under three headings: (1) the view that the thyroid changes are con- 
stant and specific; (2) that the anatomical changes have no particular 
relationship to the disease; (3) that the anatomical changes (hyper- 
plasia), while constantly present at some stage in all cases, are also pres- 
ent at some stage in all true goiters. 

The view that the thyroid changes (hyperplasia) in exophthalmic 
goiter are constant and specific had been supported by Greenfield,’* Far- 
ner,> Bramwell,’* Himig, ** MacCallum,’* Lewis,?? Ewing,’® Wilson?! 
and others. 

The view that there is no particular relationship between the anatom- 
ical changes and the disease has been supported by Virchow,**, Renaut 


and Brissaud,** Reinbach,**7 A. Kocher*® and many others. These are 
the extremes. Neither view fully accords with the facts. On the one 
hand, the hyperplasia is not common to this disease alone, while, on the 
other hand, this hyperplasia occurs at some time in all true cases of 
exophthalmie goiter. The explanation of the fact that one often sees 
colloid goiter associated with the symptom-complex of exophthalmic 
goiter is that the thyroid may undergo very rapid histological changes 
without correspondingly rapid changes in the symptoms. 

Thus we have seen cases with marked hyperplasia under the influ- 
ence of small doses of iodin revert to colloid goiter in from three to four 
weeks, while the clinical manifestations remained practically the same. 
As a rule, however, the symptoms become less marked as the involution 
(reversion) to colloid goiter occurs. Thus the histological condition of 
the specimen at the time of removal may be quite different from what 


4. Hiimig: Arch. f. klin. Chir., 1897, lv, 1. 
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it would have been even two weeks before. Similar histological change 
to those in exophthalmic goiter are also seen in all developing func- 
tional hyperplasias of man and animals. There are differences of degree 
and differences depending on the age of the animal, the number of times 
the gland has reverted and undergone hyperplasia, the presence of com- 
plications, etc., as outlined above. The reaction with iodin is the sami 
in all forms of functional hyperplasia. The marked hyperplasias of 
exophthalmie goiter react exactly in the same way as do the hyperplasias 
in animals or the hyperplasias of childhood, puberty and pregnancy in 
man. 

In the light of these facts the third view—viz., that active hyper- 
plasia is of constant occurrence at some phase in all true cases of exoph- 
thalmic goiter but that similar changes occur in all developing goiters— 
is the one most likely to accord with all the facts. 

Of 26 cases clinically diagnosed as exophthalmic goiter in which th 
patients were operated on by Dr. G. W. Crile at Lakeside Hospital 15 
had active hyperplasia, varying from colloid-early to marked glandular 
hyperplasia. Eight had pure colloid goiters. Two had pure colloid 
goiters containing actively growing fetal adenomata and one had a 
normal thyroid as regards size, histology and iodin content. With this 
series one would be inclined to agree with Virchow** when he wrote 
that the phenomena of exophthalmic goiter depended on neither a dis- 
tinct variety of goiter, nor a distinct size, nor yet a distinct stage of thy- 
roid change, did we not further inquire into the cases. It was found 
that the patients with pure colloid goiter had been treated with iodin- 
containing substances shortly before operation. These cases clinieall 
were quite typical cases of exophthalmic goiter. This finding bears oui 
the observations reported from most of the large clinics that one fr 
quently sees cases of exophthalmic goiter with colloid glands. This, 
however, means that the thyroid reacts too quickly (three to four weeks) 
fur the clinical manifestations to follow and not that in the progressive 
stage of the disease there was no active hyperplasia, for we now know 
that all colloid goiters have been preceded by active hyperplasia. We 
also know that the histological appearance of the thyroid may chang 
from week to week and there can be little doubt that the varied his- 
tological findings reported by all observers is due merely to the stage of 
the process (regressive or progressive ) at the time of the operation. Th 
case in which the thyroid was normal is not unique. There are several 
reports of such cases. These cases must either be considered errors in 


diagnosis or that the manifestations were too recent for cell reactions to 


occur, We are inclined to consider such cases not true exophthalmi 
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goiter, but rather as severe cases of some clinically closely allied disease 
like neurasthenia or psychasthenia. 

Thus, after carefully reviewing the data, we conclude that thyroid 
hyperplasia is of constant occurrence at some stage of the disease, but 
that it also occurs in all developing goiters in all animals. 


RELATION OF THE 10DIN CONTENT OF THE THYROID TO EXOPHTHALMIC 
GOITER 

The iodin varies inversely with the degree of hyperplasia. We have 
just seen that the histological structure of the goiters as we obtain them 
is quite variable; so also is their iodin content. But, just as there is a 
constant histological change (active hyperplasia) at some phase in all 
true cases of exophthalmic goiter, so there is a uniform lessening of the 
iodin content corresponding with the increasing degree of hyperplasia. 
Oswald” in general found the percentage of iodin lowered in exoph- 
thalmic goiter, but he also observed cases in which it was increased. 
Caro*’ in a single severe case found the iodin very high. Reinbach® 
could make out no relation between the amount of colloid and the 
umount of iodin. Kocher*? found exophthalmic goiter glands always 
lower in iodin than normal glands, even to one-thirtieth of the normal. 

Two conditions must be fulfilled before one can conclude that iodin 
bears no relation to exophthalmic goiter: (1) a large series of cases, 

2) careful histological comparisons. It seems that this may account 
for many of the reports in which no relation could be made out, just 
as it explains why constant anatomical changes were not established 
earlier. The histology and iodin content for human goiter are modified 
by so many factors that it is necessary to examine a large series in order 
to include and allow for variations dependent on the food, medication, 
age, stage of the disease, etc. 

In our 26 cases there was no case in which the iodin did not vary 
inversely with the histological structure. It was highest in the colloid 
glands, lowest in the marked hyperplasias, and the highest iodin content 
associated with hyperplasia was always below the lowest associated with 
pure colloid gland. We can conclude, therefore, that the iodin content 
in exophthalmic goiter always varies inversely with the degree of hyper- 
plasia just as in all other forms of active hyperplasia. There are the 
same difficulties in the interpretation of the anatomical changes. These 


79. Oswald: Virchow’s Arch. f. path. Anat., 1902, clxix, 444. 
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can only be avoided by working with large series and by carefully com- 
paring the iodin content with the histology. 

The severity of the cases in general varies with the degree of thyroid 
and lymphoid hyperplasia. Autopsy and surgical reports from all sources 
have shown this. In our series there were six patients with marked 
glandular hyperplasia, of whom four died. Of the four that died three 
had slight manifestations suggestive of supervening myxedema (dry skin, 
pigmentation, loss of pubic, axillary and scalp hair, etc.). The ten pa- 
tients with colloid goiter recovered. 

As to the cause of death after operation in these severe cases there 
are three views: (1) that it is due to the poisoning of the tissues with 
an excess of thyroid secretion; (2) that it is due to the lymphoid hyper- 
plasia (status lymphaticus) ; (3) that it is due to true exhaustion of all 
the tissues, particularly the central nervous system. 

The first view embodies the well-known theory of Moebius and Gau 
thier® on which the surgical, the cytotoxic and serum treatments rest. 
Are these hyperplastic glands secreting an increased quantity of physio- 
logically active secretion? If such were the case, the same changes 
should be produced in the thyroids of animals by feeding with hyper- 
plastic glands as by feeding with normal or colloid glands. This, as is 
well known, is not true. The physiological activity of such thyroids, as 
determined by the nitrogen excretion and the histological changes pro- 
duced in dogs’ thyroids, depends on the amount of iodin they contain 
and the iodin varies inversely with the degree of thyroid hyperplasia. 
Also, the fact that desiccated sheeps’ thyroid in large doses (2 to 5 
grams daily) usually increases the clinical symptoms in proportion to 
the severity of the case can not be interpreted as proof of physiological! 
hypersecretion, for the reason that the effect of such desiccated thyroid 
on these patients depends on the quantity of iodin it contains. That this 
is true can be easily shown by the fact that iodin administered to these 
eases has (so far as we are able to estimate) the same action as desic- 
cated thyroid. In individuals with normal glands just the opposite of 
this is true. Jodin in similar doses has no noticeable effect, while desic- 
cated thyroid produces the same manifestations of physiological activity 
as are shown in cases of exophthalmic goiter, and, also, just as in the 
exophthalmic goiter cases, the physiological activity depends on the 


amount of iodin in organic combination. The results of operative treat- 
ment according to the hypersecretion theory should be most favorable in 
those cases with the most active hyperplasia. As a matter of fact, the 
opposite is true—viz., that the operative mortality is greatest in those 
cases with the most marked hyperplasia and the lowest iodin contents. 
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The clinical severity as determined by the symptoms is uncertain, for the 
reason that the gland may revert to the colloid state with the apparent 
preservation of the original symptoms. In such cases, as in the cases with 
slight hyperplasia, the mortality from operation is very low. And, there- 
fore, the mortality, as based on the number of cases clinically diagnosed 
as exophthalmic goiter, is of little importance. Another view that squeez- 
ing or manipulation of the gland produces the marked rise in pulse 
rate and temperature (so-called hyperthyroidism) by overloading the cir- 
culation with the “toxic” secretion has been proved untrue, for the reason 
that operations elsewhere on the body or injuries, or even mental shock, in 
this class of cases are with proportionate frequency followed by these 
svmptoms. 

The second view that the lymphoid hyperplasia (status lymphati- 
cus) is the determining cause of death in these cases has lately been 
revived and reviewed by Capelle.** The presence of lymphoid hyperplasi: 
in these severe cases of exophthalmic goiter was perhaps first described 
by Markham® and later by Marie,*° Hektoen,* Hansemann*’ and many 


¢ 


others. Capelle has found in the collected reports that 44 per cent. of 
ihe exophthalmic goiter patients dying of some intercurrent disease; 82 
per cent. of those dying directly of the disease and 95 per cent. of those 
dying after operation had persistent thymus. From these data he con- 
cludes that this lymphoid hyperplasia is a separate and complicating 
condition in exophthalmie goiter. Others look on these changes as part 
uf the essential anatomical lesions in all severe cases. The fact that 
these same changes are also present in cretin lambs, dogs and children, 
and also in many cases of adult myxedema, compels us to conclude that 
it is merely a part of the systemic reaction to the cause or causes pro- 
ducing goiter. We fully agree with Capelle that in all severe cases of 
exophthalmie goiter there is lymphoid hyperplasia, and also that th 
mortality is greatest in those cases, but we can not accept his conclusion 
that the mortality depends on the presence of lymphoid hyperplasia 
alone. We consider both the thyroid and lymphoid changes as common 
und the truest indices of the severity of the disease. 

The third view is that death is due to exhaustion. This view, it 
seems to us, more nearly accords with the observed phenomena. All 
observations go to show that the gland is hyperactive, but that thi 
activity is compensatory in nature. So also all the facts indicate that 
the quantity of the secretion is increased, but that its physiological 
activity is decreased. The frequency with which myxedema follows exoph- 
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thalmic goiter can not be explained as accidental and, as has been sug 


gested by several authors, is perhaps the greatest objection to the hype 
secretion theory. In endemic cretinism, in both man and animals, on 
notes the same kind of anatomical changes as are observed in exoph 
thalmic goiter, and, as already stated, these changes are common to al! 
developing functional hyperplasias of the thyroid. This is, however, 
only the anatomical verification of the old clinical phrase that endemi 
goiter is the first stage of the process leading to cretinism and it seems 
to us, as Ord®,** has pointed out, that in myxedema following exoph- 
thalinic goiter, we have a very close analogy with cretinism. In this con 
nection it is of great interest to note that Horsley® in his experimental! 
myxedema in monkeys has described a nervous stage followed by the dul! 
listless stage so characteristic of fully developed myxedema, and also 
that McGarrison,** in his excellent clinical report on cretinism in the 
Himalayas, has very carefully described this nervous stage. Whether 
these anatomical and clinical similarities between the life-history of 
exophthalmice goiter and of cretinism are closely related or are merely 
accidental is a problem that is worth very careful study. The nervous 
symptoms are, however, not common to this disease alone, but may be 
present in varying degrees in a variety of nervous and mental diseases in 
individuals with histologically normal thyroids, as in neurasthenia and 
psychasthenia. The same may be said of the symptoms of extreme 
tachycardia and high temperature which so frequently follow operations, 
injuries or mental shocks in these cases. The same phenomena are 
observed in heat exhaustion. The onset of the disease, while it may be 
quite sudden, is almost always progressive and preceded by some chroni: 
debilitating disease as typhoid fever, influenza, or by severe mental 
strain as overwork, anxiety, etc. The whole clinical picture, it seems to 
us, is one of exhaustion, the seat of which is particularly the central 
nervous system. Certainly the nervous manifestations predominate ,and 
perhaps cloud (at least, by our present standards of interpretation) the 
true picture of exhaustion. It is difficult to understand why partial 
removal is so quickly followed by a further hyperplasia of the remain 
ing portion which differs anatomically from the first portion removed 
in no essential way, and why in spontaneous recovery the gland always 
returns to the colloid state, unless we assume that the process of hyper 
plasia of the thyroid is a compensatory one.. 

In the light of our present knowledge of the anatomy, the chemistry 
and the biology of thyroid hyperplasia we can not conclude that the 
thyroid changes in exophthalmic goiter are either primary or specifi 


or that such thvroids are producing an increased amount of a phvsio- 
; I pn 

















Se ee et 





+90 RELATION OF IODIN TO STRUCTURE OF HUMAN THYROID 


logically active secretion. On the other hand, we believe that the thyroid 
changes in exophthalmic goiter are always compensatory or secondary to 
some more fundamental cause or causes and that there is a hypersecre- 
tion quantitatively but a hyposecretion qualitatively (physiologically), 
and, lastly, that the usual final stage of all cases unless terminated by 


death or relative recovery is myxedema. 


RELATION OF THYROID CHANGES AND 10DIN CONTENT TO CRETINISM AND 
MYXEDEMA 

It is now generally accepted that the major disturbance in sporadic 
and endemic cretinism, in operative myxedema (cachexia strumipriva), 
and in natural myxedema (Gull’s disease) is a lack of thyroid function. 
This opinion is largely the result of the clinical and anatomical observa- 
tions from many sources, among which may be mentioned the work of 
Gull,?* Kocher,** Ord,** Hun and Prudden,?* Virchow® and Osler*’; of 
the experimental observations of Kocher,** Reverdin,®® Stokes,®° Gor- 
don,” Horsley®? and Halsted®*; of the therapeutic studies by Murray,” 
Mackenzie® and von Bruns.” 

So, also, through the work of St. Lager,®* Niepce,®* Morel,®® Hirsch 
(loc. cit.), McGarrison** and others, it has been shown that 75 per cent. 
of all cretins have enlargement of the thyroid clinically, and also that 
the general relation of goiter to cretinism may be summed up in the 
words of Morel, that “goiter is the first stage on the road leading to 
cretinism.” From the above generalizations it can be seen that the terms 
“cretinism” and “myxedema” do not represent simple clinical, anatomical 
or physiological conditions, but must include all the gradations of the 
processes of which clinical cretinism and myxedema are the terminal 
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DAVID MARINE—C. H. LENHART 491 


stages. The intermediate stages are best indicated by the various degrees 
of active thyroid hyperplasia and in an earlier paper one of us ( Marine*) 
suggested the borrowed term “cretinoid” (Gull**) as the best descriptive 
word for the several degrees of hyperplasia seen in dogs, sheep, ox, pig, 
and human thyroids, since the greater number of these animals having 
active hyperplasia have no detectable clinical manifestations. 

The anatomical changes usually present in typical cretin animals 
are characterized by the extensive overgrowth of fibrous tissue resulting 
from the dying off of the epithelial cells. We have not found any definite 
anatomical descriptions of glands in the early stages of this fibrous tissue 
replacement of the epithelial hyperplasia. It has been our fortune to 
observe five cretin puppies and two cretin lambs in which these changes 
were occurring. As previously mentioned (under anatomical descrip- 
tions), the epithelial cells at first enlarge and the nuclei become hyper 
chromatic. Later these cells become irregular in size and shape and the 
normally regular outline of the vesicular epithelium is broken. The 
increased connective tissue crowds out these degenerated cells and finally 
the vesicle, much reduced in size, becomes filled with the irregular ce!! 
masses and the detritus of the more degenerated cells. These changes 
have been observed only in thyroids of lower animals with clinical man- 
ifestations of cretinism. Of perhaps greater interest is the fact that 
similar disturbances in the nucleus-plasma relations of the epithelial cells 
have been observed in four cases of exophthalmic goiter which clinically 
showed manifestations of myxedema. 

When these anatomical changes and their clinical associations with 
cretinism and myxedema are considered together they suggest that the 
further ability of the cells to grow and divide normally has been seri- 
ously disturbed and that the major factors in this disturbance are over- 
work and lack of proper nutrition, as was pointed out by Popoff*®® for 
protozoan cells. In cretin puppies we have been able, by the adminis- 
tration of iodin, to make these cells revert to the flattened cubical form, 
while the gland as a whole returned to the colloid or resting condition, 
and later by partial removal to produce a perfectly regular and uniform 
hyperplasia in the same gland. Professor Howard and Dr. Schultz, to 
whom we have referred these observations, are of the opinion that these 
thyroid changes, consisting in the production of depression and the recov 
ery therefrom, are comparable to the protozoan cell changes described by 
Hertwig and his pupils. The most suggestive explanation at present 
seems to be that these degenerative and atrophic cell changes are the 
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result of prolonged and unrelieved physiological stimulation to meet 
some deficiency, and that cretinism and myxedema are the final stages of 
the failure in compensation. 

In view of what has been said above, the earlier statement that in 
cretinism and myxedema there is a lack of thyroid function is somewhat 
misleading because the thyroid in the early stages of the process is hyper- 
active, while, at the same time, the body as a whole suffers from a lack 
of normal function. Thus it would appear that in the cretinoid and in 
the myxedematous process the real deficiency lies in the physiological 
value of the thyroid secretion to the organism. This deficiency may be 
produced either by atrophy or absence of the gland, or by the absence 
of the normal elements of nutrition with which the normal metaboli 
activities of the gland are concerned. Iodin is perhaps one of these 
elementary deficiencies. 

In the true cretin the gland histologically presents marked over- 
growth of fibrous tissue, with a corresponding disappearance of the 
epithelial elements, while in the preclinical stage the gland presents a 
marked epithelial hyperplasia with relatively slight increase in the sup- 
porting fibrous tissue. Thus with the progressive epithelial hyperplasia 
finally giving way to the fibrous overgrowth as typifying the anatomical! 
changes in the cretin or myxedema thyroid, it may be said that the 
symptom-complex varies with the degree of epithelial hyperplasia and 
fibrotic atrophy. 

As regards the iodin content in human cretin thyroids no specific 
cbservations are recorded. In the five cretin dogs examined by us we 
could find no trace of iodin, and in the four cases of exophthalmic goiter 
showing clinical signs of myxedema the highest iodin content was 0.544 
and the lowest 0.118 mgm. per gram of dried gland. This suggests that 
the iodin content varies inversely with the degree of hyperplasia and 
fibrosis in both eretin and myxedema glands. With the exception of 
tumors and infants’ thyroids, these were the lowest iodin contents 
observed. There are variations and modifications in the iodin content 
and histologic structure of cretin and myxedema glands in man that are 
comparable to the variations above noted in other clinical varieties of 
goiter, and depend on the age of the individual, previous medication, the 
presence of complicating and degenerative changes, etc. ‘These varia- 
tions and modifications we believe could be easily explained if the life- 
history of such patients could be accurately ascertained. But, as this at 
present is quite impossible, our hope lies in the accumulation of suffi- 
cient cases to include all the variations and the essential types of change 


as well. 
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In conclusion we believe that the various degrees of thyroid hyper- 
plasia are but stages in a common process the final result of which is 
cretinism or myxedema and that the percentage of iodin varies inversely 


with the degree of hyperplasia and fibrosis. 
CONCLUSIONS 


1. Active thyroid hyperplasia is present in all developing goiters in 
all animals. 

2. All thyroid hyperplasia, so far as we can determine, is anatom- 
ically, chemically (iodin) and biologically the same. 

3. Thyroid hyperplasia develops in both normal and colloid glands. 

4. Colloid g 
nearest approach to the normal gland that hyperplasias can become and 


lands, anatomically, chemically and biologically, are the 


obey all the known biological laws of normal glands in so far as these 
laws are at present known. 

6. The various degenerations, hemorrhages and cysts are secondary 
and complicating changes engrafted on to the three fundamental types 


of normal, hyperplastic and colloid glands. 

7. Iodin is necessary for normal thyroid activity. 

8. The iodin content varies inversely with the degree of hyperplasia. 

9. The percentage of iodin present in thyroids is variable, but there 
is a quite constant minimum percentage necessary for the maintenance 
of normal or colloid gland structure. 

10. Iodin is taken up rapidly by the thyroid, the rapidity depending 
on the degree of active hyperplasia. 

11. Mild degrees of thyroid hyperplasia accompany or follow many 
of the chronic nutritional disturbances without detectable clinical symp- 
toms referable to the thyroid. 

12. Exophthalmic goiter is constantly accompanied during the pro- 
gressive stage of the disease by thyroid hyperplasia and the iodin per- 
centage varies inversely with the degree of hyperplasia. 

13. In endemic cretinism the fibrous overgrowth with atrophy of the 
gland cells is consequent on active hyperplasia and is associated with a 
very low iodin content. 

14. In myxedema the anatomical and iodin changes are similar to 
those of cretinism. 


We wish to acknowledge our indebtedness to Prof. W. T. Howard for the ana- 
tomical material; to Prof. G. W. Crile for his surgical material at Lakeside Hos 
pital, and also to thank Professors Howard and G. N. Stewart for their careful 
criticisms and suggestions. 
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THE USE OF ACTIVE AND INACTIVE SERUM IN THE 
COMPLEMENT DEVIATION TEST FOR 
SYPHILIS * 

HOMER F. SWIFT, M.D. 


Attending Physician, Department of Dermatology, New York University and Bellevue 
Hospital Medical Colleg 
NEW YORK 


In a recent communication’ I presented a comparative study of the 
value of the Wassermann and Noguchi methods for the serum diagnosis 
of syphilis. The latter was shown to be more sensitive in syphilis, but 
sera from seventeen non-syphilitic patients were positive with this 
method and negative with the Wassermann. Attention was called to the 
fact that eight of the non-specific reactions became negative when inactive 
serum was substituted for active. The question then arose: Does inacti- 
vating destroy the value of the method with syphilitic sera? The pres- 
ent communication is a report of the work done to determine this point. 

The simplicity of the Noguchi technic? makes it the most desirable 
method for general use, if it can be so modified that it is as reliable 
as the original Wassermann procedure. The principle of the two methods 
is the same; that is, the suspected serum, the complement and antigen, 
all from different sources, are first incubated to bind complement, and 
this binding is later detected by the absence of hemolysis. The difference 
is that with Noguchi’s method human erythrocytes are used instead of 
red blood cells from sheep, and the human serum is not inactivated. This 
latter appears to me a most important point, but there is comparatively 
little experimental evidence concerning it. 

Sachs, last year, in a brief report,® called attention to the fact that 
active sera give stronger reactions than inactive, but that unheated sera 
obtained from non-syphilitic patients sometimes give a positive reaction. 
He showed that adding an alkali to a positive serum causes it to lose its 

* From the Pathological Department of the New York University and Belle- 


vue Hospital Medical College. Aided by a grant from the Committee on Scien 
tific Research of the American Medical Association. 


1. Swift, H. F.: Tr. Assn. Am. Phys., 1909; id., THe Arcuives INT. MEp., 
iv, 376. 

2. Noguchi, H.: Jour. Exper. Med., 1909, xi, 392. 

3. Sachs, H.: Verhandl. d. deutsch. dermat. Gesellsch., 1908, x, 167. 
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complement-binding power, and that acidifying a negative-reacting syph- 
iiitie serum with hydrochloric acid causes it to react positively. In a 
later paper* he demonstrates that inactivating a syphilitic serum causes 
it to lose the power of precipitating the globulins with distilled water 
(Klausner’s reaction®), but that the precipitate will form if hydrochloric 
acid is added to the inactive serum. He also proves that heating a serum 
to 62 C. produces such a change that it entirely loses its complement- 
binding power. Gross and Volk® demonstrate that a similar heating 
prevents the formation of a precipitate when the serum is mixed with 
lecithin as in Porges’ test.* The effect of heating to 62 C. apparently 
is to increase considerably the alkalinity of the serum, thereby producing 
such a change in the albuminoid that it will no longer react with the 
lipoid to bind complement. 

Sachs suggested that a comparative study be made with active and 
inactive serum and Boas* followed this suggestion. Using decreasing 
quantities of suspected serum, in amounts of 0.2, 0.1, 0.05, 0.025, and 
0.001 cubic centimeters against 0.1 cubic centimeter of guinea-pig serum, 
he shows that from one-half to one-fourth the amount of active serum 
is required to produce the same degree of inhibition as inactive serum. 
He also demonstrates that the reaction appears earlier in the primary 
stage and persists longer, under treatment, when unheated serum is used. 
On the other hand, he presents a table of forty-five different sera from 
non-syphilitic patients which gave a positive reaction when 0.2 cubic cen- 
timeter of unheated serum was employed. All of these sera gave no 
reaction when they were inactivated. He calls attention to the fact 
that ox, horse, sheep and rabbit sera are often anticomplementary when 
used in the fresh state, and concludes that it is not safe to use active 
serum, and that any method in which it is employed is unreliable. 

The results of Boas’ observation can not, however, be strictly applied 
to the Noguchi method, for there is a striking difference in the ratio 
between the amount of serum, human and guinea-pig respectively, used 
in the two methods. In Boas’s experiments 0.2 cubic centimeter of 
human serum was used against 0.1 cubic centimeter of guinea-pig serum, 
the ratio being two to one; while with the Noguchi method* one drop 
from a capillary pipette, or 0.02 cubic centimeter, is used, against 


4. Sachs, H.: Semaine méd., 1908, xxviii, 301. 

>. Klausner, E.: Wien. klin. Wehnschr., 1908, xxi, 214. 

3. Cited by Toyosumi, H.: Wien. klin. Wehnschr., 1908, xxi, 611. 
7. Porges, O.: Wien. klin. Wehnschr., 1908, xxi, 206. 

8. Boas, H.: Berl. klin. Wehnschr., 1909, xlvi, 400. 
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0.04 cubic centimeter of guinea-pig serum ; the ratio being reversed ; that 
is, one to two. Even with this small proportion of active serum I have 
obtained a number of positive reactions with non-syphilitic sera. 


METHOD 


Throughout this study the results obtained by the Noguchi method 
and its modification have been controlled by the Wassermann method. 
In the latter the quantity of all the reagents has been reduced one-half, 
but the proportion was the same as originally described. An alcoholic 
extract of syphilitic liver made after the formula of Michaelis and Les- 
ser® has been employed as antigen. In the Noguchi modification parallel 
tests have been carried out with both active and inactive serum. With 
the active serum one drop from a capillary pipette as described by Nogu- 
chi has been used; while with the inactive serum the amount has been 
0.08 cubic centimeter. Here the proportion of human to guinea-pig 
serum is two to one, the same as in the Wassermann method. As anti- 
gen, the same alcoholic extract has been used in all the methods, and 
in the same proportion. Double the amount of antigen did not inhibit 
hemolysis when used without the addition of human serum; hence the 
possibility of the antigen being too strong was eliminated. As the slips 
of paper impregnated with antigen have not proved stable in my hands, 
the antigen was kept in solution, and a fresh emulsion with normal 
saline prepared each day. Fresh guinea-pig serum was used as comple- 
ment. The human red blood cell emulsion was prepared throughout the 
series from blood from the same person. The anti-human amboceptor, 
dried on paper, was kindly furnished by Dr. Noguchi. The incubation 
time corresponded in all the tests, and the various tests with correspond- 
ing sera were made on the same day with the same complement, so that 
conditions as nearly uniform as possible prevailed. 

RESULTS 

A. With Syphilitic Sera—The results obtained with sera from syph- 
ilitie patients are given in Table 1. The classification is based on the 
stages and manifestations of the disease with farther subdivision accord- 
ing to the degree of treatment. The intensity of the reaction is indicated 
by signs: +-+ indicating complete inhibition; + marked; + slight but 
distinct inhibition ; and — complete hemolysis. Noguchi?® attaches great 
importance to the various grades of reaction. He regards complete and 


9. Michaelis, L., and Lesser, F.: Berl. klin. Webnsechr., 1908, xlv, 301. 
10, Personal communication. 
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marked inhibition as diagnostic and slight inhibition as only prognostic. 
He asserts that if the latter degree of reaction is obtained in known 
syphilis treatment should be continued. Regardless of treatment the 
results in Table 1 may be summarized as in Table 2. 

In primary syphilis the figures correspond ; in the secondary and ter 
tiary stages of the disease, with skin or mucous membrane manifestations, 
a positive reaction was obtained with every test, except one with the Was- 
sermann. In the second stage the Noguchi method with active serum 
gave a weak reaction twice. This was apparently due to the summation 
of human and guinea-pig complement being too much to absorb com- 
pletely, for when the human complement was destroyed by heat the reac- 


tions became strongly positive. In the latent stage and in internal man 


rABLE 2 SUMMARY OF TABLE 1 PERCENTAGE OF POSITIVE RESULTS 


No Wassermann — Noguchi ( Active) Noguchi (Inactive) 
Stage of of Diag- Prog- Diag- Prog Diag- Prog 
Syphilis Cases. nostic nostic Total nostic nosti Total nostic nosti rotal 
Primary 7 86 0 S6 SO 7) SG 86 ) S6 
Secondary is 97 0 97 5 ; 100 100 100 
Tertiary 25 76 24 100 S4 16 100 80 oO 100 
Latent (early) 3 66 18 S4 SO 6 86 70 14 84 
Latent (late) 26 35 42 77 66 15 81 46 27 71 
Nervous 23 52 30 82 70 14 S4 no 27 S2 
Visceral 7 72 14 86 86 0 86 72 14 st 
Tabes 18 44 22 66 66 11 77 44 28 ta 


ifestations of the disease the Noguchi method with active serum gave thie 
largest number of diagnostic reactions; the same method, with inactive 
serum, gave the next greatest number, and the Wassermann method, the 
fewest. The total number of reactions nearly corresponds in all the 
methods, but the advantage in diagnostic results is with the Noguchi 
method, using active serum. 

In a few tests with the Wassermann reaction active serum was used. 
In fifteen, 0.1 cubic centimeter of serum was used against 0.05 cubic 
centimeter of complement; eleven of these corresponded with the Noguchi 
method (active serum) ; two were stronger and two were weaker. Sixteen 
were tried with 0.025 cubie centimeter of human serum, and the reactions 
agreed in both methods. Here the proportion of serum to complement 


corre sponded in both. 
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B. With Non-Syphilitic Sera.—Eighty-five sera were obtained from 
patients in whom the possibility of syphilis could be fairly well excluded. 
Of these, sixty-five were negative with all the methods. Twenty gave a 
reaction with the Noguchi method with active serum; of this number fif 
teen were so-called diagnostic reactions and five prognostic (see Table 3). 
All of the twenty were negative with the Wassermann reaction, and also 
with the Noguchi method, when inactive serum was substituted in th 


TABLE 8 EFFECT OF INACTIVATION ON ANTICOMPLEMENTARY SUBSTANCE 
IN NON-SYPHILITIC SERA 


Wassermann Method Noguchi Method 
Viagnosis Inactive Activ Inactive Active 
Amt. of Amt. of Amt. of Amt. of 
Serum Re Serum he Serum Re Serum Re 
CoA action Cc. action ct action., Drops. action 
Herpes progenitalis 0.1 o.1 0.08 1 
Carcinoma of penis 0.1 oO OS 
Leprosy 1 0.1 0.08 
Pyogenic Dermatitis O71 0.1 08 1 
Erythromelalgia O1 01 0.08 1 
Epilepsy : 0.1 0.1 0.08 
Nephritis 0.1 01 08 , 
Traumatic arthritis o.1 0.1 0.08 , 
Monoplegia 01 01 0.08 
Chancroid . 1 0.025 0.08 1 
Ulcerative proctitis an 0.1 0.025 0.08 1 
Rosacea | 0.025 0.08 1 
Anemia, pernicious . | 0.1 0.025 0.08 1 
Multiple sclerosis Ol 0.08 1 
Malaria . | 0.08 1 
Carcinoma of uterus 0.1 0.1 0.08 1 
Carcinoma of uterus 0.1 0.1 0.08 
two cases 
Chancroid ici othe waa 0.1 0.08 
Scleroderma ; oO 0.08 


quantity of 0.08 cubic centimeter. This would indicate that inactiva- 
tion destroys the substance which causes the non-specific reaction, and, 
with the determination of this point in mind, active serum was used in 
the Wassermann reaction (see Table 3). In twelve of the tests 0.1 cubic 
centimeter of serum was used and in four 0.025 eubic centimeter, but in 
most the results agreed when active serum was employed in eithe1 


method. The table demonstrates definitely that non-syphilitic sera which 
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give the reaction in the active state lose this property when the serum is 
heated to 56 C. for one-half hour. 

It is a matter of considerable interest that non-syphilitic sera, when 
kept for several days in the ice-chest, often become strongly anticomple- 
mentary, but when again inactivated lose this property; hence old con- 
trols should always be reinactivated on the day they are to be used in a 
test. 

EFFECT OF INACTIVATION 

With a few sera the complement-binding strength or titer was deter- 
mined in both the active and inactive states. These experiments were 
performed with the Noguchi technic and the fina] results are shown in 
rABLE 4.—COMPLEMENT-BINDING STRENGTH OF ACTIVE AND INACTIVE 

SERUM. 


SYPHILITIC SERA. 


-Active Serum.—— —Inactive Serum.——- 





Diagnosis Titer Ratioof Serum | liter Ratio of Serum 
c.c. to Complement. | c.c. to Complement 
Syphilis (secondary) 0.008 1:5 0.02 1:2 
Syphilis (secondary) 0.01 1:4 | 0.02 1:2 
] 
Syphilis (secondary) 0.008 1:5 | 0.01 1:4 
| 
Syphilis (tertiary) 0.008 1:5 } 0.02 1:2 
Syphilis (of liver) 0.0006 1:66 | 0.0008 1:50 
| 
Ascitic fluld of above 0.908 1:5 | 0.02 1:2 
| 
ON-SYPHILITIC SERA. 
Carcinoma 02 1:2 0.12 1:% 
Anemia 02 Ee 0.12 1:% 


Table 


This series In ludes the blood from four cases of syphilis with 


skin manifestations, one of syphilis of the liver and spleen with ascites, 


and the ascitic fluid from the latter patient. 


Unfortunately, in only two 


non-syphilitics who gave the reaction was there sufficient serum obtained 


to ¢ omplete this series of tests. 
With the syphilitic sera the rate of loss varied, but in general from 


two to two and one-half times as much 


inactive as active serum was 


required, although with two of the sera the loss was not so marked. A 


similar variability was noted by 


. . 
Boas.’ 


With the non-syphilitic sera six 


times as much inactive as active serum was used.** Two examples are 


ll. 


closely corresponds with tl 


communication 


Noguchi has found the rate of loss in a case of leprosy to be three. 
e rate he has obtained with syphilitie sera. 


This 


(Personal 
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not enough for definite conclusions, but with the cases shown in Tabl 
the rate is usually more than four. This in general would allow the usé 
of 0.08 cubic centimeter of inactive serum as a safe margin for the elim- 
ination of non-specific reactions, while, on the other hand, the quantity is 
tion of non-specific reactions, while, on the other hand, the quantity is 
sufficient to detect the complement-binding substance in most syphilitic 
sera. 

The results seem to indicate that it is safer to use inactive serum in 
applying the test for diagnosis. Whether active or inactive serum should 
be employed in making the test for prognosis and as an indication for 
treatment is still an open question. There is no doubt that in a large 
series of tests more strongly positive reactions will be obtained with 
active serum, but the fact that other diseases give the test much mor 
often than with inactive leads one to doubt whether it is wise ever to 
use the serum in the fresh state. The total number of reactions is nearly) 
as high with inactive as active serum; the difference is in the intensity 
of reaction. The percentage of reactions obtained with the inactive serum 
is as high as the best figures so far published for the Wassermann reac- 
tion. It seems to me that if we take any slight inhibition as indication 
for further treatment, as is done by Lesser,’* with the Wassermann rea 
tion, the use of inactive serum will give sufficiently delicate results. Still 
the question is open to discussion and is one that only the results of a 
long period of experimentation can answer. 

CONCLUSIONS 

1. Although the use of active serum gives more delicate results i 
syphilis, it is not to be recommended, because it gives too high a per- 
centage of reactions with non-syphilitic sera. 

2. When inactive serum is employed in the proportion of twice tl 
amount of guinea-pig serum a high percentage of positive reactions is 
obtained in syphilis; and non-syphilitic sera, giving a positive reactior 


with active serum, give a negative reaction when the same serum is ina 


tivated 

3. The use of inactive serum instead of active renders the Noguc!l 
method more accurate and nearly as convenient as originally described 
and still easier of application than the Wassermann method. The amount 
of blood required can readily be obtained without resorting to venous 
puncture, so that it is possible to make frequent tests without too much 


inconvenience to the patient. 


The material for this study was obtained through the kindness of Drs. J. A 
Fordyce, Joseph Collins, John Van der Poel, A. R. Stevens, H. F. Nordeman and 
members of the house staff of Bellevue Hospital. I wish to take this opportunity 
of expressing to them my thanks. 


SO West Fortieth Street. 


12. Leaser, | Deutsch. med. Wehnschr., 1909, xxxv. 379 
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ULCERATION OF THE STOMACH AND NECROSIS OF SALI- 
VARY GLANDS RESULTING FROM EXPERIMENTAL 
INJECTION OF BILE SALTS * 


ANDREW WATSON SELLARDS, M.D 
BALTIMORE 


INTRODUCTION 

In the bodily economy, the bile salts are carefully retained by the 
organism, being reabsorbed from the intestines, and their physiologic 
functions may at least be regarded as essential to a normal degree of 
health. In contrast to their beneficial action, investigations have shown 
that the bile salts are a very general tissue poison.’»* It is instructive to 
note the various pathologic lesions to which they might give rise and the 
corresponding methods of defense which the body possesses. 

One of these methods consists in a specific action of the blood serum 
by which it effectively inhibits the toxic properties of the bile salts.* A 
striking example is the protection of the red corpuscles from hemolysis. 
‘There are also certain mechanical considerations which are of impor- 
tance. Ordinarily the direction of flow and the anatomic continuity of 
the bile passages is sufficient to protect the stomach, pancreas and perito- 
neum from contact with bile. Under exceptional circumstances bile may 
be ejected directly into the pancreas and the resulting conditions have 
been repeatedly emphasized. Other than hemorrhagic pancreatitis, there 
appear to be no lesions ascribed to the bile and it is noteworthy that 
various tissues of the body are so efficiently protected. When bile salts 
are introduced into the peritoneal cavity, a very definite lesion, however, 


is produced in the stomach. 


EXPERIMENTAL PART 
‘The materials used for the production of the gastric lesions were as 
follows: The animals chosen were rabbits and guinea-pigs. Both bile 
itself and bile salts were tested, using beef-bile and sodium glycocholate. 
The bile salt was dissolved in 5 per cent. concentration in physiologic 
sodium chlorid solution and, in either case, the beef-bile or the bile salt 


solution was sterilized by steam at 15 pounds’ pressure. 


* From the Biological Laboratory of the Medical Clinic and from the Path 
ological Division of the Hunterian Laboratory, Johns Hopkins University. 

1. Rywosch: Ueber die giftige Wirkung der Gallensiiuren, nebst einen Anhiinge 
Gallenfarbstoffe ( Bilirubin und Biliverdin). Inaug. Diss., 


iiber die Giftigkeit der 


Dorpat, 1891 
29 Baver: Biochem. Ztschr., Berlin, 1908, xiii, 215 
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DESCRIPTION OF STOMACH LESIONS 


The stomach lesions result very constantly when guinea-pigs are 
injected with the minimal lethal dose of sodium glycocholate. The fol- 
lowing data were obtained from a series of seven animals, all of which 
gave similar results. For animals of 250 to 270 grams weight, 0.1 gram 
of sodium glycocholate was injected intraperitoneally. The first definite 
symptom following the injection was the onset of hiccoughing, which 
usually began after one to two hours. The rate was irregular at first, 
but gradually became more frequent and more regular, being sometimes 
as high as 60 per minute. It is interesting to note the constancy of this 
symptom in connection with the lesions which developed in the stomach. 
During the first two or three hours the respiratory rate was often too 
rapid to be counted. The animals gradually became comatose, the hic- 
coughing became less frequent and less regular and death resulted within 
eight to fifteen hours. 

Autopsies immediately after death showed well-marked edema of the 
abdominal walls, free fluid often dropping from the incision. The peri- 
toneal cavity usually contained a slight exudate rich in red and white 
corpuscles without hemolysis. This would indicate that there was no free 
bile salt in the peritoneal cavity. Exceptionally, small foci of hemorrhage 
occurred in the lungs and also in the intestines. In a single instance the 
tip of a seminal vesicle was filled with blood. No macroscopic changes 
were observed in any other organs except the stomach. Here there were 
large areas of hemorrhage with free blood in the gastric contents. The 
accompanying plate shows a characteristic result. The lesions are sharply 
localized and, in the main, they avoid the larger blood vessels, producing 
marked ulceration of the wall itself, while only the serous surface re 
mains intact and the other coats are replaced by blood clots. Wide varia- 
tion occurs, in different individuals, in the size and number of the lesions. 
They are always multiple, but sometimes one lesion, as large as one-quar- 
ter of the entire stomach, may occur in the fundus. When excessive doses 
of bile salt were injected so that death occurred in one to two hours, no 
localized lesions were obtained, but the entire mucosa was infiltrated with 
blood. 

Histological examination confirmed the gross appearance. The 
smaller ulcers were slightly crater-shaped, the most extensive destruction 
taking place in the mucosa with less and less erosion of the succeeding 
layers. Either the muscular or serous coat formed the base of the ulcers. 
Some areas showed marked diapedesis. There were no signs of throm- 
bosis. The sections afforded little evidence as to the mechanism by which 


the ulcers were produced. 
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METHOD OF INJECTION AND EFFECT OF DOSAGE 

Further observations were made to determine the effect of various 
methods of injection and the minimal dosage necessary to produce lesions. 
The results showed that either the intraperitoneal or the subcutaneous 
methods could be used. Doses as small as 0.03 gram of sodium glyco 
cholate, when repeated every day, gave definite typical lesions after two 
or three injections. The intravenous inoculation of lethal-doses into the 
ear vein of rabbits gave rapidly developing respiratory complications fol- 
lowed by death in a few minutes. Small repeated injections, intravenous- 
ly, were not tried extensively on account of the necrosis and sloughing 
along the veins, following even the injection of beef-bile. The following 
is a brief summary of the protocols: 


A guinea-pig (300 grams) was injected intraperitoneally with 0.025 grams 
of sodium glycocholate, or about one-quarter of the lethal dose. No symptoms de- 
veloped and, after twenty-four hours, anatomical examination showed one small 
area of ulceration with hemorrhage, situated anteriorly on the lesser curvature. 
With the expectation of obtaining better defined lesions, small repeated doses were 
tried. 

A second pig (320 grams) received two doses intraperitoneally of 0.03 gram 
each, twenty-four hours apart. Death occurred on the third day. The autopsy 
showed four characteristic lesions, three of which were situated toward the 
pyloric extremity and one in the fundus. There was also an accompanying peri 
tonitis. 

A duplicate of this experiment gave no lesions in the stomach but ulceration 
with perforation of the duodenum occurred about 3 em. from the pylorus. This 
was also accompanied by peritonitis. 

Small repeated doses were then injected subcutaneously. A pig (280 grams) 
received 0.03 gram doses for three successive days, death occurring nine hours 
after the last injection. The injections were made over the hips. The skin was 
almost completely dissected away from the underlying tissue over the entire 
thorax, back and abdomen. There was a considerable amount of free fluid which 
was sterile and almost clear. From one axillary fossa alone 2 c.c. of fluid were 
collected. The stomach showed five small but distinct lesions on the lesser curva 
ture, three of which were situated anteriorly and two posteriorly. A single lethal 
subcutaneous injection (0.12 gram for a 310-gram pig) gave seven definite lesions 
of variable size and distributed rather generally over the stomach. 

Corresponding results were obtained by the injection of beef-bile into rabbits. 
For rabbits weighing 1000 grams a dose of 15 ¢.c. was usually fatal in a few 
hours. A rabbit weighing 1500 grams was injected intraperitoneally with 4 e.c. of 
bile. The same injection was repeated on the second day, and on the sixth day 


7 ec. were given. A slight loss of weight (150 grams) was the only change 
noticed. The animal soon regained this weight and a month after the last in 
jection was in good condition. Anatomical examination at this time showed 


numerous focal lesions throughout the stomach consisting of defects in the 
mucosa and evidences of old hemorrhage. Two repetitions of this experiment 
were carried out, with the exception that the animals were sacrificed on th: 
seventh day. In one animal the stomach was practically normal. In the other. 
in addition to the ulcerations and hemorrhages, there were large edematous blebs 
under the serous coat around the lesions. The intraperitoneal injection in a 
rabbit of 0.2 gram sodium glycocholate resulted in lesions similar to those pro 


duced in the guinea-pigs 
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RELATION TO GASTRIC ULCER 


The lesions which have been described are of especial interest in con 
nection with gastric ulcer as it occurs in human pathology. In the at- 
tempts to reproduce gastric ulcer, agents in great variety have been used. 
including both natural and artificial means, such as disturbances of thx 
innervation and circulation, mechanical injury, the use of various chem 
cals, of bacteria, and of bacterial products.* From this variety of methods. 
which have been more or less efficient, it would appear that the stomach 
is especially susceptible to ulceration. The introduction of sodium glyco 
cholate into guinea-pigs does not, however, represent foreign material, 
but is practically equivalent to the reinjection of bile of the same indi- 
vidual. The position of the lesions, when acutely produced by a singh 
large dose, bears no relation whatever to the customary position of gastri: 
ulcers. In the more chronic cases, however, where small daily injection 
were made, the lesions were always small, fewer in number, and showed 
something of a tendency to appear toward the pyloric extremity aroun 


the lesser curvature. In the cases of gastric ulcer in which surgical 


meti 
ods are used for the relief of hemorrhage, it is often found that the bleed 
ing does not occur from any single point, but that there are many bleed- 
ing points over the stomach. Apparently hemorrhage is a more promi- 
nent feature of the lesions produced by bile salts than it is in the case o! 


other ulcerative agents which have been reported. 
MECHANISM OF THE PRODUCTION OF THE LESIONS 


The mechanism of the production of these gastric lesions is not en 
tirely clear. It has been observed clinically that hemorrhages are common 
in jaundice. This is probably due to the endothe lia] lysis and to the de 
layed coagulation time.* It has also been found that the autolysis of 
various tissues is inhibited by blood serum.® The stomach, of course, 
should be especially liable to autolysis on account of its protein ferments 
In view of the pronounced inhibiting effect of bile salts and blood serun 
on each other,? it is conceivable that, in the presence of bile salts, the 
serum no longer protects the stomach against its own ferments and thi 
ulceration of the various coats occurs, accompanied by the ordinary hem- 
orrhage of jaundice. 

Other possibilities suggest themselves. At present the phenomena of 
anaphylaxis have attracted considerable attention. In a preliminary ¢ 
periment no hypersusceptibility could be developed toward the bile salts 





3. Rosenau and Anderson: Jour. Infect. Dis., 1907, iv, 1 
4. Wells: Chemical Pathology, 1907, p. 408, ed. 1 
5. Longeope: Jour. Med. Research, 1908, xviii. 45 
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This result would accord with the finding that, thus far, anaphylaxis has 
been obtained only with proteins. 

Three guinea-pigs were injected intraperitoneally with 0.05, 0.01 and 
0.005 gram sodium glycocholate, respectively. After one month the in- 
jection was repeated, using 0.05 gram for each animal. No symptoms 
developed. 

In some of the rabbits, the gastric contents were markedly bile- 
stained and responded to Pettenkoffer’s test for bile salts. Subsequent 
investigation did not give satisfactory evidence of a true secretion into 
the stomach. Under proper controls, with section of the pylorus and duo- 
denum to prevent regurgitation, after the introduction of sodium glyco- 
cholate into the peritoneal cavity, an alcoholic extract of the stomach 
contents gave Pettenkoffer’s reaction. In this instance, the amount of 
hemorrhage from the stomach lesions was so great that the blood alone 
which escaped could have contained sufficient bile salt to give the reac- 
tion." 

SPECIFICITY OF THE LESIONS 

The ulceration and hemorrhage which follows the subcutaneous or 
intraperitoneal! injection of bile salts is relatively specific for the stomach, 
occurring almost constantly in this organ. Much less constantly, rela- 
tively smal] foci of hemorrhage were noted in other organs, especially in 
the lungs and intestine. Lesions in the pancreas were not obtained. 

It has generally been considered that the inflammation following the 
direct injection of bile into the pancreas is specific and that analogous 
lesions do not occur in other organs. The explanation has been offered 
that the protein ferments liberated in the initial injury to the pancreas 
take a part in the process.’ This explanation was studied from two stand- 
points: First, injections of bile salts were made into glands which do not 
secrete a protein ferment, and, second, the toxicity of the pancreatic fer- 
ments was studied by hemolytic methods. 


INJECTIONS OF BILE SALTS INTO THE PAROTID GLAND 


The salivary glands were chosen as a type of tissue in which there would be 
no protein ferment to complicate the process. Injections were made into the 
parotid gland of dogs, using sodium taurocholate, since this is the salt which is 
most prominent in dog’s bile. The parotid duct was exposed by a skin incision 


6. In various animals, after death from bile salts, Rvwosch (Inaug. Diss., Dor- 
pat, 1891) frequently found that the intestinal contents were bloody and the in 
testine itself showed marked hyperemia with submucous inflammation. The ex- 
planation offered was that a disturbance of the heart’s action resulted in passive 
congestion with endothelial lysis of the blood-vessels due to the action of the bile 
salts. 

7 Opie: Diseases of the Pancreas, 1903, P 130, ed. 1 
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over the masseter muscle. Three cubic centimeters of varying concentrations of 
sterile bile salt solution, dissolved in physiological saline, were injected from an 
ordinary syringe. In all cases only one parotid was injected, the other being re 
served for a control. After twenty-four hours, both glands were removed. In 
the first two experiments 2 and 5 per cent. concentrations were tested. No swell 
ing or local change occurred, but, in both instances, the glands, on removal, 
showed definite lesions. A third dog was injected with a 13 per cent. concentra- 
tion such as was used by Flexner® in working with the pancreas No macro 
scopic change took place in the gland, but there was extreme edema, most marked 
at the site of operation and extending into the surrounding tissues. Apparently 
the bile salt had escaped from the gland and the experiment was repeated, ligat 
ing the duct immediately after injection. The edema of the neighboring parts 
did not occur and lesions took place in the gland, a little more severe perhaps 
than those where weaker solutions were used. 

On removal, the injected parotids, as compared with those of the control side, 
were almost twice as large, somewhat firmer, and were distinctly red in color as 
contrasted with the normal grayish color. Free blood clots were not obtained, 
such as Opie usually found in corresponding experiments on the pancreas. In the 
second experiment, using a 5 per cent. bile salt solution, in addition to the in- 
jection into the parotid, an exactly duplicate injection was made into the sub 
maxillary duct. On removal, the submaxillary gland was enlarged, very firm, 
bright red in color, and the interlobular spaces were everywhere filled with blood 
clots. In this experiment the possibility of mechanical injury to the gland itself 
could not be excluded, but the very genera] distribution of the lesion would speak 
against such an error. 

The microscopical examination of the injected salivary glands reveals 
a very intense alteration in the tissue, evidently produced by the injected 
material. The secreting tissue is completely necrotic wherever the bile 
salt reached the lobule of the gland. In many cases the adjacent conne 
tive tissue is also completely necrotic for a considerable distance, and in 
the margin of such an area there is an intense inflammatory reaction 
There are, however, no extensive hemorrhages such as are found in acute 
hemorrhagic pancreatitis. 

The lesions in the parotid apparently correspond most closely to those 
cases in the pancreas in which only a diffuse diapedesis resulted, without 
free extravasation of blood.® The differences in the lesions of the two 
glands might be considered as differences of degree rather than as two 


separate types of lesion 


HEMOLYTIC ACTION OF THE PANCREATIC FERMENTS 


Recent investigations have emphasized the toxicity of the pancreatic 
ferments, rapidly fatal results being obtained in animal experimenta 
tion.2® Results of interest were obtained for the hemolvtic action of the 

8. Flexner: Jour. Exper. Med., 1906, viii, 167 

9. Opie: Johns Hopkins Hosp. Bull., 1901, xii, 182 

10. Guleke: Arch. f. klin. Chir 1905-6, Ixxviii, 845 Doberauet Beitr 


klin. Chir., 1906, xIvili, 456 
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ferments of the pancreas and other tissues. Similar studies have also been 
made by Korschun and Morgenroth"™ in investigating the source of serun 
hemolysins. 


The following technic was employed. All dilutions and extractions were made 
with physiological salt solution. Pancreatic ferments were obtained by grinding 
the whole pancreas with sand and adding three times its weight of salt solution. 
The mixture was strained through a towel and a 1 to 10 dilution of this extract 
was used as a stock solution. No activation was necessary other than that ob- 
tained from the injury to the cells in grinding. As a control, other glands were 
extracted in the same manner. The hemolytic mixtures consisted of 1 c.c. of 
various dilutions of the glandular extracts and 0.5 c.c. of a 5 per cent. emulsion 
of corpuscles which had been washed three times. This gave a final volume of 
1.5 ¢.c. in each case. Dogs were used for the experiment and the extracts were 
always tested against corpuscles of the same individual. The animals were 
always bled to death, but no special measures were taken to remove the remaining 
blood from the organs. The preparations were incubated at 37 C. for two hours 
and then allowed to sediment over night at 8 C. 

In a preliminary experiment complete hemolysis was obtained by a pan 
creatic extract in a dilution of the fresh gland substance corresponding to 1 part 
in 9.000, while for an extract of the stomach a 1 to 400 dilution, and for the 
thyroid a 1 to 90 dilution was required. A single test of extracts of the parotid 
and submaxillary glands and of the liver gave no hemolysis in 1 to 50 concentra 
tions. The spleens of three animals were tested. Two gave no hemolysis at all, 
but one gave complete hemolysis up to a 1 to 900 dilution. 

Further experiments were then made with the pancreas from another indi- 
vidual. The same activity was found as for the first gland tested. Its action 
was effectively inhibited by a relatively small amount of serum. The inhibitory 
effect of the serum was not appreciably affected by a temperature of 95 C. 

The accompanying table gives the experimental data. Dog serum was ob 
tained from the same individual from which the pancreas and corpuscles were 
taken \ 1 to 10 dilution was made up and the amount of corpuscles required for 
a 5 per cent. emulsion was added directly to the diluted serum, in order not to 
increase the total volume of 1.5 c.c. for the final mixtures. The dilutions ar 


given in terms of the fresh gland tissue. The final dilution of the serum afte! 
the addition of the pancreatic extract is 1 to 30 


Taete Snowrxne Hemorysis py Pancreatic Extract ANp Its INHIBITION By 
NORMAL SERUM 


Serum 1-30 


Pancreas Extract Normal Serum Heated 20 mit 
1 to Salt Solution 1 to 30 at 95°C 
500 ( omplete ( omplete ( omplete 
900 Complete None Partial 
1.800 Complete None None 
5.000 Complet: None None 
9.000 Complete None None 
15.000 None XX XX 


These results are exactly analogous to those which have been obtained 
in corresponding experiments with bile salts.‘* Judging from the hem 


lytic experiments, the hemorrhage occurring in pancreatitis would tend 


ll. Korsehun and Morgenroth: Berl. klin. Wehnsehr., 1902, No. 37. xxxix. S70 


12. Johns Hopkins Hosp. Bull., 1908, xix, 268. 
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iv neutralize the action of the pancreatic toxins as well as the bile salts 
There is no theoretical reason why the protein ferments of a gland should 
not augment a lesion initiated by the bile, or even why the injection of 
pancreatic ferments, for example, should not excite a lesion. 

In catarrhal jaundice, unless the pancreatic duct escapes from the 
inflammation, it is possible that the pancreatic toxins, as well as the bile, 


might gain access to the circulation. 


CONCLUSIONS 


1. The injection of guinea-pigs with the lethal dose of sodium glyco- 
J 
ich are relat vely spec fie 


holate produces lesions in the stomach wl 
These lesions are closely analogous to those produced by the direct injec- 


tion of bile into the pancreatic duct. 


2. Injection of sodium taurocholate into the parotid and of dogs 
are less extensive than for corresponding condi- 


produces lesions which 
tions in the pancreas. 
3. An exiract of the pancreas is active lv hemolytic in Lye Its be- 
havior toward blood serum and corpuscles in test-tube experiments 1s 
exactly analogous to that of the bile salts. The pan reatic ferments might, 
theoretically, augment the lesions produced, in vivo, by bile. The hemor- 
rhage in the acute pancreatitis caused by bile would, judging from the 
hemolytic reactions, tend to neutralize both the toxic action of the bile 
salt and also of the pancreatic secretions. 

I take this oceasion to recognize the very material assistance of Dr. R. I. Cole 
id of Dr. W. G. MacCallum during this investigation. 


Manila Bureau of Seience, Manila, P. ] 
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THE EFFECT OF HEXAMETHYLENAMIN ON GUINEA-PIGS* 


CHANNING FROTHINGHAM, Jr., M.D. 
BOSTON, MASS 


Hexamethylenamin, or, as it is commonly called, urotropin, was first 
prepared in 1860 by Butlerow.’ It is made by the action of ammonia 
on formaldehyd. It is readily broken up by heat, some acids, etc., into 
formaldehyd and ammonia. Nicolaier* first introduced this drug int 


+ 


medicine in 1894. He concluded that it stimulated the secretion of 
urine, prevented the growth of bacteria in the urine, and acted as a 
solvent of uric acid calculi. In some cases he gave as much as 150 grains 
in a day without producing symptoms. On the other hand, smaller doses 
efter prolonged use would occasionally cause burning in the region o/ 
the bladder, and the appearance of epithelial cells in the urine. If th 
drug was still continued red blood corpuscles would appear in the urine. 
\s a result of these observations many men began to employ this drug. 
Casper® and Mendelsohn* showed that it did not act as a solvent of uri 
acid calculi within the body. They and other authors, especially Rich 
ardson,® confirmed Nicolaier’s views in regard to the power of hexa 
methylenamin to act as a urinary disinfectant, especially in typhoid 
fever. Casper also thought that it was of value in curing phosphaturia. 
From that time on urotropin has been used in typhoid fever and in cases 
of evstitis and pyelitis due to other agents than the gonococcus or 
tubercle bacillus 

The fate of hexamethylenamin within the body has not been defi 
nite ly decided. It has been reported as present in the blood and urine. 
Casper* has found free hexamethylenamin in the blood of a rabbit after 
1 subcutaneous injection of the drug. 

Richardson® found that in cases with an existing nephritis the admin 
stration of hexamethylenamin not only did not cause an increase in albu- 


From the Laboratory of the Department of Theory and Practice of Physi 


Harvard University. Published with the approval of the Committee on Fellow 
ships as a part of the work done under a grant of a Bullard Fellowship, 1908 
poo 

1. Butlerow Ann. d. Chem. u. Pharm. ( Liebig’s), 1860, 115-332 

2. Nicolaier Deutsch. med. Wehnschr., 1895, 541. 

3. Casper Deutsch. med. Wehnschr., 1897, Therap. Beilage, p. 75 

+. Mendelsohn Berl. klin. Wehnschr., 1898, 48 

5. Richardson: Jour. Exper. Med., 1899, iv, 19 
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min and casts, but in some cases apparently caused a diminution of these 
elements. 

Since the introduction of hexamethylenamin in therapeutics reports 
have been gradually accumulating of evil effects caused by this drug. In 
the cases reported the amount of the dose and the length of time over 
which the drug were given vary greatly. Even in the same individual 


the same dose acts differently at different times. Coleman,® from the lit- 


} e 


erature and his own experience, reported in 1903 the following list 


symptoms in human cases following the use of hexamethylenamin, whic! 


in some of the cases had been given in small doses: Irritation of th 
stomach, diarrhea and abdominal pain, irritation of the skin with a ras 

like that of measles, headache and ringing in the ears, irritation of th 
kidney and bladder, hematuria, and hemoglobinuria. In these cases 
Coleman thinks that the blood is probably derived from the bladder. In 
1906 Karwowski’ and Rosen also summed up the ill effects which might 
arise from hexamethylenamin, but did not add anything essential to the 
report of Coleman. 

As a result of all these communications hexamethylenamin, in smal! 
deses, is considered a safe drug for most people, and also in large doses 
up to the appearance of symptoms. When symptoms appear the discon- 
tinuance of the drug causes a subsidence of the symptoms. None of these 
writers, however, have inquired into the tissue changes back of these 
symptoms. 

In 1908 Crowe® showed that typhoid bacilli could be killed in the gall 
bladder of man as well as in the urine by the administration of hexa- 
methvlenamin provided that suffic iently large doses were used. He dem 
cnstrated the presence of hexamethylenamin in the bile, cerebrospinal 
fluid, synovial fluid, saliva, pleural effusions and blood of man. Also he 
asserted that it acted favorably on other forms of infection in cavities 
where the hexamethylenamin was found present. For killing typhoid 
bacilli in the gall bladder 75 grains a day for several days are necessary. 
As a result of these findings it seems possible that even larger doses 
might be of value in other infections. 

In view of the fact that as a result of Crowe’s work hexamethylen 
amin might be used in large doses the following experimental work was 
done to see if possibly any lesions could be found in any organs afte 
the administration of large doses. As such work could not be tried out 
in human cases guinea-pigs were used. 

6. Coleman: Medical News, New York, 1903, lxxxiii, 393 

7. Karwowski: Monatschr. f. prakt. Dermat., 1906, xlii, 8 

8. Crowe: Johns Hopkins Hosp. Bull., 1908, xix, 109. 
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There were three main problems to be solved in doing this work: 
1. How much hexamethylenamin per body weight can be given to a 
guinea-pig without producing fatal symptoms? 2. What lesions, if any, 


are produced by one or two very large or fatal doses of this drug? 
3. What lesions, if any, appear after repeated sublethal doses ? 

In these experiments the hexamethylenamin was dissolved in sterile 
water and injected subcutaneously. 

Guinea-pigs vary somewhat in their ability to withstand the drug, 
but as a rule 414 to 5 grains per ounce of body weight will kill the pig 
or render it very quiet for twelve to fourteen hours. One pig, however, 
survived a dose of 614 grains to the ounce. As it takes a considerable 
amount of boiled water to put a fatal dose of hexamethylenamin into 
solution, one pig, as a control, was injected with this amount of water 
The animal did not suffer any ill effects. If the dose proves fatal it 
usually does so within a few hours. If the animal survives twenty-four 
hours it recovers. After a fatal dose the pigs grow more and more quiet, 
and in the course of two or more hours usually topple over, have some 
slight twitching of the extremities, and gradually die. Others have been 


» 


found in a sitting position, which suggested that they grew more and 


more quiet and then died. In none were any convulsions noted. 

The pigs are able to withstand sublethal doses over a considerable 
period of time without any ill effects other than reaction at the point of 
injection and some quietness for a few hours after the injection. By the 
next day, however, they are lively again. One animal weighing 20 
ounces, for instance, received 375 grains in eight doses during nine days 
The doses were each 45 grains, except one of 60. Five days after the 
last injection the animal appeared lively and perfectly well, showed some 
reaction at the site of inoculation, which was rapidly improving and 
had lost only 2 ounces in weight. On that day it received a fatal dose. 
Another pig, weighing 18 ounces, took 15 doses in nineteen days, amount- 
ing in all to 319 grains, and gained 1 ounce in weight. Eight or nine 
days later it was given 75 grains, which it survived, and two weeks later 
had gained 2 ounces. 

In the animals which received one or two large doses the findings 
were practically the same, whether the doses proved fatal or not. At the 
point of inoculation there was edema of the subcutaneous tissue and 

uscle, with congestion and some hemorrhage. Of the twelve guinea- 
gs in this group, two showed free fluid in the peritoneal cavity. Both 
these received fatal doses. It was felt at the time that one of these 


nimals received some of the injection intraperitoneally; and this sus- 


ion was practically confirmed at autopsy by a subperitoneal hemor- 
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e, bone marrow, duodenum, cerebrum and cerebellum were pra 


muse] 
tically the same in appearance as the controls and all apparently normal 


The abdominal wall at the site of inoculation showed edema of the tis 


sues and necrosis of some of the muscle fibers, with invasion of phagé 


eytic endothelial cells and polynuclear leucocytes. In addition, the sur- 


rounding edematous tissues often contained large numbers of polynu- 
clear leucocytes. 

The stomach was examined microscopically in eight of these cases 
including the two which showed submucous hemorrhages in the gross. 
The six which showed no lesion in the gross did not show any lesion 
other than a congestion of the vessels throughout all the layers. Both of 
the stomachs which showed submucous hemorrhages presented micro- 
scupic lesions. In one there was marked congestion of all the vessels and 
hemorrhage into the mucosa. Also the mucosa was necrotic in places; 
und surrounding these necrotic areas were leucocytes wandering toward 
the necrosed area This reaction on the part of the leucos ytes Was pres- 
ent throughout all layers of the stomach wall in the vicinity of the 


necrotic areas. In the other case the congestion and hemorrhage were 
not so marked, but the necrotic mucosa had been eroded in one place 
down to the submucosa. This was the only necrotic area in the sections 
from this animal. Surrounding this area, as in the other case, there was 
evidence of activity on the part of the leucocytes. The stomachs from 
seven pigs, as a control, were examined, and they showed nothing abnor- 
mal in the gross or under the microscope. The vessels in the controls 
were not so much congested as those in the animals injected. 

Rosenau and Anderson’® in 1906 showed that hydrocyanice acid and 
chloral-cyanhydrin caused hemorrhagic areas in the stomach wall of 
yuinea-pigs when given in fatal doses. They did not give in their paper 
the mi roscopi dese ription of these areas. It seems probable, however, 
that some evidence of necrosis would have been present in these areas. 
This congestion and hemorrhage with necrosis that may occur after 
hexamethvlenamin must be looked on as a lesion which may occur in 
guinea-pigs after lethal or very large doses of several drugs, and not as 
specific to hexamethylenamin. 

Five fulnea-pigs received sublethal doses for a period of a week ol 
more. The one observed the longest was watched forty-four days, on six- 
teen of which he received doses of hexamethylenamin varying from 74 
to 75 grains. Of these five animals three were chloroformed apparent] 


n good health and two received fatal doses after many sublethal pre- 


10. Rosenau and Anderson Bull. 32, Hyg. Lab. U. S. P. H. and M.-H. S., 
1906. 
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RESULTS OF TUBERCULIN TESTS IN MONKEYS AT THE 
PHILADELPHIA ZOOLOGICAL GARDENS* 


Y. WHITE, M.D., Anp HERBERT FOX, M.D 
PHILADELPHIA 


INTRODUCTION 
We have not thought it necessary to review the general literature on 
the subject of injections of tuberculin for diagnostic purposes. Mu 
has been written on this subject in regard to both human beings and 


domestic animals. We have. however, been able to find comparat 





little on the use of this valuable test applied to wild animals. 


opportunity has presented itsell to us to LOllow 


I 


monkeys of the Zoological Gardens of Philadelphia while we 


ing in the capacity of pathologists. We present in t 
the result of our 
these animals. 
The use of th tw tarted in 1905, 
the present. It has been noted in Philadelphia that the averag: 
a common monkey on exhibition varied between eighteen and twenty- 
one months. It has been found on examination that the great majority 
f these animals died of tuberculosis. 
probably true in zoologica 
high mortality from tuber 
vent the admission 
diseased. ‘To accompl 
tried. We began t 
but very soon found that tl were in the advanced 
and our results were far m s&s: rv. It was 
ers of the Zoological Society that the infected sto 
the monkey house thoroug] 
‘orth only those monkeys should placed on 
to react to injections of tuberculin. All incoming monkeys were there- 
fore placed in quarantine in the laboratory and carefull 
their general condition. Our observations w 
state of gastrointestinal tract. nervousness, 


temperature. 


*From the Laboratory of Comparative Pat! 
Philadelphia. 
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RESULTS OF TUBERCULIN TESTS IN MONKEYS 





We encountered, as might have been expected, many difficulties in 


the early part of this work, chief of these being the determination of the 
normal temperature of the monkeys. A thorough study of the normal 


temperature was our first task, because at that time we had no experi- 
ence or literary reference to guide us. 

The obtaining of the normal daily temperature of the monkeys at 
lay was a step in the right direction, but, as will 


1 detinite time each di 
later on, we soon found that even with this daily temperature 


We found that the temperature of 


the monkeys varied with the time of day, and to a certain extent with 


species; and, furthermore, that external conditions, such 


be seen 


verv much more was to be sought. 


\ 


the different 
as room temperature, excitation, ete., had an appreciable effect on the 
record. A further study of this variation showed that the monkeys’ 
temperature fell during the night, while the highest daily temperature 
In other words, the normal 


| 


was in the neighborhood of 2 to 3 p. m. 
monkey's temperature reached the highest point between 2 and 3 p. m., 
9) 


with a gradual fall to its lowest level, which was about 2 or 3 a. m., 


after which it again rose to the afternoon height. 
It was also ascertained that the normal high temperature of 
four degrees than that of a 





healthy monkey was higher by three or 


normal human being. This average of temperature varied with th 


species of monkey under observation. but was usually in the neighbor- 


101 and 102 F. at the highest point: the lowest point in these 


| | 


nood of 
eases was about three degrees lower, and produced, as will be seen in 
the charts. definite curves, the lower levels of which we have designated 
the “night drop.” In order to obtain the daily curve of temperature 


as t 


t was found necessary to make records every four hours. By doing 
this the normal temperature of a healthy monkey showed an uniform 
which reached its highest point at about 3 p. m. and the lowest 
level at about 3 a. m. Extensive chartings of individual monkeys and 
the comparison of the temperature of several monkeys showed the uni- 
form curves. The temperature was taken at 7, 11 and 3 because the 

gh and low points were at 3 p. m. and 3 a. m. respectively. It was 
iter found that monkeys of a nervous temperament, those easily excited 
ind those which failed to become accustomed to the taking of tempera- 
ire, showed variations in the daily curves which could be explained only 


the nervous state of these animals. 


DETAILS OF THE PRESENT SYSTEM 
The monkeys are now received in the quarantine room of the lab- 
them has had many 


ratory building. The attendant who has charge of 
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; Cais CAp ence W monkeys an Ss tan ir wit their habits ae 
i takes a very lively interest in helping to take the temperatures and 1 
i the appl cal n ol the test The animals are allowed to remain quiet 
; n cages for some days before observations are started. Preparatory to 

the injection ¢ f tuberculin daily temperatures areé taken at 3 p. m., thi 
hour at which the highest temperature point is reache These dai 
«J records are continued until the temperature is seen to maintain an almost 

; even course for about ten days We have arbitrarily adopted 1° F. a 

| the limit of variation during the observations previous to the injections 

If this variation be n the form of a saw-tooth curve the monkey 1s 

allowed to rest for an indefinite time int the temperature become 

; regular. 

he initial record is usually high, owing, 1 ht. to the handling 
ncident to the initiation of the test. After the first few doses the r 
ords are lower and usually follow a steadier course. The monkeys ar 
sual rel ed rom the cages wit covert hands if the be sma 
- 1 tame ( irger ones aré aug na ne The great major 
of the monkeys rea vecome accustomed 1 , ne . that 
I ( ( r ti t y , ement 
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course as the fall during the preceding twelve hours, again reaching the 
high point at three in the afternoon. The average of this fall in thi 
monkeys tested at this laboratory is 3.5 F. In a healthy monkey it may 
be as low as 1.8 F., or as great as 7 F. (See Chart 1, black ape No. 9, 
I 6, which shows a healthy normal four-hour temperature.) The tem- 
perature of monkeys is elevated by excitement. This is well shown by 
Simpson and Galbraith, who studied the temperature of normal mon- 
keys over long periods and the effects of various forms of excitement. 
They found that the temperature was increased in direct proportion to 
the degree of excitement. This must be taken into consideration when 
observing monkeys which do not become accustomed to the excitement 
incident to taking the temperature. In such cases the temperature must 
be taken over long periods in order to obtain a definite course of the 
curves. Occasionally the course of the curves is so irregular that definite 


onclusions cannot be drawn. Such monkeys are condemned. 


TUBERCULIN TEST 

Preparatory to the test the monkey is observed as above described. 
It has been the practice to make the injection in the forenoon to see 
what rise may follow at the high point on the same day. Small monkeys 
such as the average common macaque, will receive 1 to 2 mg. Smal! 
eapucins get 0.75 to 1.5 mg.; an anubis baboon, or long-armed baboor, 
may receive as high as 3 mg. This dose is rarely exceeded. It will be 
seen that the dosage is higher than that usually given to human beings, 
but considerably lower than that given to cattle. This dose was pur- 
posely made large because in our early work we found that such doses 
readily caused tuberculous animals to die, while it had no effect on 
healthy animals. The injection is given under the loose skin of the 
flank. We have never seen any local reaction at the site of inoculation. 
The temperature is then taken every four hours (3, 7, 11, 3, 7, 11) for 
forty-eight hours. In the case of a normal monkey the course of the 
temperature curve follows exactly that described above and illustrated by 
Chart 1. In some normal monkeys a slight variation may be noted in 
the length of the night drop immediately following the tuberculin injec- 
tion. It is frequently, but not always, 0.4 to 0.6 F. lower during the 
first than during the second night. This is, however, not constant or 
marked enough to allow any diagnostic value to be put upon it. In 
the case of tuberculous animals the most common occurrence is a rise of 


temperature within twelve hours after injection. The daily curve may 


1. Simpson and Galbraith rr. Roy. Soe. Edinburgh, 1906, xiv, Part I. p. 75 
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entirely destroyed, the temperatur owing instead a course highe 
than indicated by the previous daily 3 p. m. record. The destruction 
of the daily curve, with an elevated temperature, is the most significant 
indication of a positive test .e., tuberculosis. Failure to make th: 
normal night drop in a few cases has taught us to be always doubtful 
of the condition, for we have four it a subsequent test will usual 


give a positive reaction. In some few cases and for reasons unknown 


to us the characteristic rise indicative of a positive reaction, does not 
take place until some time within the second twenty-four hours lr 
these latter cases we cvenera spea of the reaction as a “delaved rea 

tion.” This delayed reaction s the usual characteristics of a positive 


followed the injection, but t rest I ine irve was apout normal. Hi 


seem low enoug His temperature remained egula iring t sum 
mer while he was under observation. In November. 1906, he was tested 
igain after a more regular period Che firs d not fall very low 

oO Vt 1 reg i! we SSIOT I I t 1] Cio i if tempera 

e on the seco da \ vas the gh point instead of 5 p. n 
Che was a vi cular, s ‘ ¢ the 1 twent 

s and at 3 p.1 the t ecord was 0.6 ] har thas 
. . . , . - \t ne , I on of tube 
osis Was 11 cht I i gland ere two small progressive 
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the temperature two days after the injection, and how minute a lesioi 


will cause a reaction. Good charts of tuberculous monkeys after the 


test are seen in drill baboon 5 (B 7) and sooty mangabey 62 (E 4) 


Charts 3 and 4. 


The temperature in advanced cases of tuberculosis may fall below the 


registering point of the thermometer shortly following the test I") 


is well illustrated by lesser white-nosed monkeys C 2, Chart 5. an 


pig-tailed macaque No. 69 (A 8), Chart 6. In both of these cases the 


} 


animal died. We have occasionally noted an unusually deep night dro} 


immediately following the injection in monkeys which were subsequentl 


found on autopsy to be healthy. The temperature of these monkeys 


showed an approximately normal rhvthm, without a rise above the 





Chart 5.—Lesser white-nosed monkey: died April 16, 1905, after injection of 
mg. of tuberculin 


} 


The relation of the degree of reaction to the extent or severity of 
the lesions is a very uncertain one and our experience allows no conclu- 
sions on this score with the exception noted above concerning very ad- 
vanced cases of tuberculosis. The case just cited (D 7, Chart 2) shows 
a positive reaction and only a minute trace of infection. A black ap 
gave a most pronounced reaction and had only a few pin-head-sized 
tubercles in the liver and spleen, while sooty mangabey No. 62 (E 4, 
Chart 4), drill No. 5 (B 7%, Chart 3), gave no more marked rea 
tions and showed advanced lesions at autopsy. Perhaps the rule is for 
the temperature to fall in the most active and widespread cases. 

The number of monkeys received at the gardens and tested during 
the time these observations have been made is as follows: One hundred 


and twenty-eight monkeys received; passed, 81: condemned or died at 
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or near the time of the first injection and not on exhibition, 47. It wil 
be seen from this that only 63.3 per cent. of the monkeys received actu 
ally passed the tuberculin test. Of the 81 monkeys which were passed 79 
were sent to the monkey house: 5 died there as the result of tubercu- 

_. 7 ed one, three, eight and sixteen months Five others 
were returned, retested or killed and found tuberculous. The rest remain 
ipparent normal to date. No monkey passed since February, 1906. 


has as vet developed any sign of tuberculosis. In reviewing the charts 


the monkevs dead of tuberculosis and of those associated with them 
in the cages it is possible to suspect the source of infection of at least 
Seve ese animals. The total deaths from tuberculosis among 
yi =: which had been in the monkey house since the test was begun 
s ten. h eight may with reasonable certainty be traced to tw 
nfections from cases which occurred early in the tests, of which the 
temperat f harts would not have been passed had we had the experi- 
ear. b ocT 
~ 5 Ot ee a 
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DID NOT, REGISTER 





96} 
( t 6 \ s Pigtailed macaque No. 69 injected Sept 19. 1905. an 
Oct. 29, 1905: died Nov. 1, 1905 Autopsy showed general tuberculosis 


ence later gained. From March 1, 1907, to Mareh 1, 1908. there were 
two deaths. and the last death from tuberculosis was on Oct. 17, 1907. 
The monkeys which passed the test and showed tuberculosis after 


ing returned from the monkey house for any reason are as follows: 


Sooty mangabey, No. 62, passed on forty-eight-hour temperature; returned and 
found tuberculous after being on exhibition three months. 

Sooty mangabey, No. 63, passed on forty-eight-hour temperature; on exhibi 
tion three months; injected, gave a questionable reaction; gave a positive reac 
tion eight months after return. The reaction on which it was passed was ques 
tionable 

Sooty mangabey, No, 60, passed on forty-eight-hour temperature which was 
questionable; returned in three months; eight months after return positive re 
ction, tuberculosis 


Grivet, No. 9, passed on questionable forty-eight-hour temperature; returned 


in three months: positive reaction; killed, tuberculosis 
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Black ape, No. 7 (I 2), passed on twenty-four-hour temperature; returned in 
three months; gave questionable reaction; a regular daily temperature for a long 





time; gave a positive reaction three months after return; tuberculosis 


the monkey house we! is 


Monkevs dying from tuberculosis in 
lows: 


Drill, No. 6, passed on good forty-eight-hour temperature, died in monkey 


house eight months afterward of tuberculosis. 

Anubis baboon, No. 34, passed on good forty-eight-hour temperature n exhi 
bition sixteen months; returned and killed; tuberculosis 

Common macaque, No. 205, passed on twenty-four-hour temperature; on exhi 


bition three months; returned; irregular; forty-eight-hour temperature; tube 
culosis. 

Sooty mangabey, No. 59, passed on good twenty-four-hour temperature then 
on forty-eight-hour temperature; after twenty months on exhibition died of tuber 
culosis. (Traceable to five days’ exposure to sooty mangabeys Nos. 60, 62 and 63 

Grivet monkey, No. 8, passed on twenty-four-hour temperatures one month 
on exhibition; returned, tuberculosis 


er 7 
he tH wing 7 +} 
The following is tl 


1; £ ] } ; ; ] = 
e€ iist of Monkeys which were tested eal n our 


work. Their temperature was taken after the injection for only twenty- 


our hours. Of these fourteen monkevs six died of tuberculosis. some of 
= ] } } =" : { San : 
which were in luded In the above lists. seven ol the tourteen vere 
rete sted on the Dasis of a forty-eight he ur temperature ulter Injection, 
A I 


and six of these were negative to the test, while the remaining one gave 


a positive reaction. This determined for us the necessity of ta o t 
temperature for forty-eight hours at least following the inject 


PASSED ON TWENTY-FOUR-HOUR TEMPERATURE 


- -etested at 10 e% ouse 
ig 15. 1905. remaining R ‘ ead at monkey H | 


ug. 15, 1905, remaining 


\ 
. A . 
forty-eioht-hou temnerat ‘ 
4. Aug. 31, 1905, remaining f ee 
4 


yr 31. 1905. remaining 


Have been at the monkey house three vears one month si! — 


DIED, NOT TUBERCULOUS 
B—3, passed on twenty-four-hour temperature retested t monks ise 
forty-eight-hour temperature and passed; on exhibition two years, five months 
lied, not tuberculous 


I—1. passed on twenty-four-hour temperature retested at monkev hous 
‘ 


hour temperature, repass« 
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A—6, tested, twenty-four-hour temperature; died, general tuberculosis. 

C—7, tested, twenty-four-hour temperature; died, general tuberculosis. 

I—2, passed, twenty-four-hour temperature; retested at monkey house; re- 
turned on forty-eight-hour temperature; again tested (forty-eight-hour) ; killed; 
general tuberculosis. 


CONCLUSIONS 

1. Tuberculosis is a disease which causes a considerable mortality 
among monkeys. The habits of the animals, moreover, facilitate the 
transmission of the disease when many are together on exhibition. 

2. The primary object of this work was to protect the healthy mon- 
keys by separation of the infected ones. It was therefore diagnostic 
work, and the use of tuberculin for therapeutic purposes was not tried. 

3. It is not possible to trace the source of infection; whether from 
human beings or from the lower animals. From the number of mon- 


keys that were condemned on the first test it is evident that a large per- 
centage are affected while in the hands of the dealers. 

4. To insure the protection afforded by the test, the exhibition house 
must be freed of infected animals, disinfected, and only non-tuberculous 
monkeys admitted. The monkeys on exhibition should be retested at 


least once a year and doubtful animals removed from the cages. 

5. To apply the test scientifically a thorough familiarity with the 
normal temperature of the monkeys is necessary. 

6. The normal temperature of the monkey is higher than that of 
the human being by 4 to 5 F. at its highest point. It follows a regular 
curve during the twenty-four hours, with the high point at 3 p. m. in 
the neighborhood of 101 to 102 F.; its lowest level, about 99 F., at 


> 


3 a. m. 

7. An injection of tuberculin into a non-infected monkey will not 
disturb the rhythm of the normal temperature. 

8. An injection of tuberculin into an infected monkey will cause 
a definite rise in temperature, a destruction of the daily curve, the per- 
formance of a course higher than the daily temperature at the previous 
high point, or any or all of these. 

9. By the test we have been able to detect tuberculosis in 37 pet 
cent. of 128 monkeys tested. 

10. No monkey which has passed the test—i.e., given a negative 
reaction since February, 1906—has shown as yet any evidence of tubercu- 
losis, although some have died from other causes and others have been 
killed upon suspicion. 

11. Ten of the 79 monkeys which were passed were subsequently 


found tuberculous, either in the exhibition cages or after having been 
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returned to the laboratory for any reason. These infections are prob- 
ably traceable to two monkeys which passed the test because of a mis- 
interpretation of their temperature after injection during our early work. 

12. By careful consideration of the temperature; by rigid adher 
ence to hygienic measures in quarantine, and by observation of the indi- 
vidual peculiarities of the animals, the tuberculin test will prove an effi- 
cient means of separating infected monkeys and preserving exhibition 
collections. 

These investigations here reported were made possible by the broad- 
minded interest and co-operation of the directors of the Zoological Soci- 
ety of Philadelphia; and we wish to acknowledge with thanks the assist- 
ance of Dr. Arthur Erwin Brown, secretary of the society, in our work. 

Since the writing of this article six months have elapsed and the 
statements herein still hold good. It has now been eighteen months 
since the last monkey on exhibition died of tuberculosis. This monkey 
was exposed to a tuberculous monkey which passed the early test, before 
the delayed reactions or the night drop in the temperatures were thor- 
oughly understood. No monkey has been returned for a retest from the 
exhibition cages or having died of other causes has been found tubercu- 
lous of the monkeys tested since February, 1906, or in the past thirty- 
eight months. 

The results of the above methods of testing monkeys and of placing 
healthy monkeys under good hygienic surroundings for exhibition pur- 
poses demonstrates the great value of such tests as the tuberculin test 
and further gives a very practical lesson in preventive medicine when 
ideal conditions are offered. 


1808 Diamond Street 4445 Spruce Street 

















THE RELATION OF HYPERSUSCEPTIBILITY TO IMMUNITY* 


PAUL A. LEWIS, M.D. 
NEW YORK 


The circumstance that the repeated treatment of animals with certain 
substances, by appropriate methods, tends to establish a state of specific- 
ally decreased tolerance for those substances has attracted much attention 
within the last two or three years. The problems which arise when it is 
attempted to account for this phenomenon or to make practical use of 
its specific character have been attacked in most of the laboratories 
concerned in research in the field of immunity, and in at least two purely 
physiological laboratories. Not the least interesting and important of 
these problems concerns the relation which may or may not exist 
between this phenomenon of specifically decreased resistance and the 
increased resistance or immunity which is so often obtained when toxins, 
in suitable fashion. The contrast between the two conditions is self- 
evident, and while, as our knowledge of the two sets of phenomena has 
been developed, attention has been largely centered on the condition of 


bacterial products or living bacteria are repeatedly given to an animal 


increased tolerance, writers have not been wanting who have seen in the 
state of hypersusceptibility a condition which in certain instances, at 
least, might underlie the immune state. It is my present purpose to 


present briefly some observations bearing on points in this discussion and 


to restate, also in brief, some of the views already expressed in respect 
to the relationship between anaphylaxis or hypersusceptibility and 
increased tolerance or immunity. In order that the close of my paper 
may not bring with it a feeling that the promise of a title perhaps too 
comprehensive has been poorly kept, I may state in the beginning that I 
am unable to offer conclusive evidence either for or against there being 
a general interdependence of the two sets of phenomena and that my 
only hope is to show that a ripened judgment on these matters is not 
possible until further facts are at our command. 

A few words as to terminology: It has been a common practice in 
recent years to speak of any reaction of the animal organism to foreign 
substances in the course of which antibodies are formed as an immunity 
reaction and, concomitantly, of the treated animal as immune, even 


* From the Laboratories of the Rockefeller Institute for Medical Research. 
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when the foreign substance was not in itself demonstrably harmful. 
For the animal once treated with a substance capable of calling forth the 
production of antibodies it seems less confusing to adopt the mor 
general term proposed by v. Pirquet* and to say that the animal is in a 
state of “allergy,” meaning a state in which the potentiality for reaction 
to that particular substance is altered. We are not thereby committed 
to any increase in tolerance. Induced hypersusceptibility and induced 
tolerance are thus, by definition, types of allergy. The reactions of 
hypersusceptibility most studied of late have been those in which rela 
tively non-toxic proteid substances such as blood serum and egg-white 
have been employed. The toxic phase, at least, of these reactions is 
characterized by a symptom-complex which is almost if not quite unique, 
and which varies more in character with the species of animal worked 
with than with the particular substance employed. For this newer, well- 
characterized condition the word “anaphylaxis” is now most generally 
employed and is sufficiently expressive. 

In the toxic phase of the reaction of anaphylaxis, it will be recalled, 
the animal exhibits marked disturbance within a few minutes after the 
injection. Death may occur in from two to five minutes if the injection 
has been given into the circulation or into the cerebrospinal cavity. If 
the animal survives for six hours it almost always rapidly recovers. 
Convulsions are often a prominant feature of the reaction. In the rabbit, 
where the toxic phase is evidenced by necrosis when the test injection is 
made subcutaneously, this necrosis always occurs at the site of the test 
injection rather than at the site of previous injections. 

A specifically decreased tolerance is the important feature of the 
tuberculin reaction. But the tuberculin reaction is very different in 
important particulars from the reaction of anaphylaxis to serum. The 
tubercuious animal treated with tuberculin, even if a large injection is 
given directly into the circulation, shows no symptoms for a considerable 
time, and seldom if ever in Jess than six hours. The animal may die 
even after twenty-four or forty-eight hours. When a local reaction 
results from a tuberculin injection it occurs at the site of the foci of 
disease rather than at the point of the injection of the tuberculin. These 
distinctions in point of fact, it would seem better to maintain in termin- 
ology, and I shall therefore speak of the tuberculin reaction as a reaction 
of hypersusceptibility rather than as an instance of anaphylaxis. The 

t] 


lt 


point of these remarks will become apparent in connection with 


following experiments with tuberculin: 


1. v. Pirquet, C.: Die Serumkrankheit, Vienna, 1905 
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530 RELATION OF HYPERSUSCEPTIBILITY TO IMMUNITY 
I. TUBERCULIN HYPERSUSCEPTIBILITY AND ANAPHYLAXIS 


It can hardly be doubted that tuberculin hypersusceptibility bears 
some relation to immunity against the Bacillus tuberculosis. Such an 
authority as Trudeau? has, however, very recently stated that he is in 
doubt as to the exact part which the condition of tuberculin hypersuscep- 
tibility plays in immunity to the micro-organism. One of the first points 
to arise when this question is considered is whether hypersusceptibility 
can be induced with the “pure tuberculin,” a hypothetical constituent of 
tubercle bacilli, contained also in various extracts of the bacilli. 
Attempts to render animals hypersusceptible to extract-preparations 
apart from the bodies of the bacilli had, until recently, failed entirely. 
Calmette® and his assistants, however, were able to render calves hyper- 
susceptible to a preparation of Koch’s old tuberculin purified and con- 
centrated by alcoholic precipitation. It has been assumed that this 
success depended on the presence of the “pure tuberculin.” I have 
recently carried out similar experiments, using an analogous tuberculin 
preparation, prepared by Dr. Levene, and the guinea-pig as the animal 
for experiment. 

Four animals were treated with 10 mg. of this preparation subcutaneously. A 
second treatment with the same quantity injected into the heart after two weeks 
gave no reaction. A third treatment with 10 mg., introduced into the heart four 
weeks later, gave a very slight immediate reaction. Two weeks later—that is, two 
months after the first treatment—the animals were given 10 mg. intracardially. 
They gave now severe immediate reactions corresponding perfectly in character to 
serum anaphylaxis. One of the animals died in about five minutes. Those which 
did not die recovered fully in four or six hours. 

As a control experiment, I concentrated two liters of 5 per cent. glycerin 
bouillon to 200 ¢c.c. and precipitated twice with 60 per cent. alcohol, a procedure 
comparable to that by which the tuberculin preparation was made. The precipi- 
tate obtained was not quantitatively comparable, however, to the tuberculin be- 
cause of the presence of inorganic salts. Nevertheless, 10 and 20 mg. of this pre- 
cipitate, doses entirely without action on normal guinea-pigs, gave sharp reac- 
tions of anaphylaxis with the surviving animals of the previous experiment. 


In these experiments, which were also controlled by others in which 
animals treated with living and dead tubercle bacilli were injected with 
the same dose of tuberculin, it was apparent that one had to do, not 
with the tuberculin reaction, but with the reaction of anaphylaxis in the 
restricted sense in which the term was used above. It seems possible that 
such results as Calmette’s* might be due in some measure to bouillon 


2. Trudeau, FE. L Antibacterial or antitoxie immunization in tuberculin 
treatment. Jour. Am. Med. Assn., 1909, lii, 261. 
3. Calmette, A International Congress on Tuberculosis, Washington, 1908. 
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constituents.‘ The question as to whether the “pure tuberculin” sensi 
tized as well as intoxicated is therefore stil] an entirely open one & far 


as experiment goes. 


Il. THE RELATION OF HYPERSUSCEPTIBILITY TO ANTITOXIC IMMUNITY 


What is known of reactions of hypersusceptibility to the true toxins 
was developed some years before the beginning of the recent systematic 
study of anaphylaxis. Von Behring and Kitashima® in 1901 reported a 
remarkable experience in connection with attempts to immunize guinea 
pigs against diphtheria toxin. They worked on a system which Behring 
had developed as most efficient in producing the specific antitoxin in 
horses. This system was to begin with a dose considerably below that 
needed to produce any symptoms or lesions in the animal and then on 
each succeeding day to double the dose of the preceding day until a point 
was reached where severe reactions were obtained. From this point, 
which in the horse was seldom attained until very large doses of poison 
had been reached, the dosage was increased more slowly and the treat 


ment given at longer intervals. When an attempt was made to immuniz 


guinea-pigs according to the same scheme it failed in the beginning, and 


the authors sought to attain their end by initiating the treatment with 
smaller fractions of the certainly fatal dose—in other words, increasing 
the time required to reach the point when reactions would normally 
occur. The results, which are reported in great detail as concerns two 
series of experiments, were as follows: 

Beginning the treatment with 1/400,000 of the minimum fatal dosé 
for guinea-pigs, and, as I have said, doubling the dose each succeeding 
day, the animals died when they reached the point when about 1/700 of 
a certainly fatal dose had been given as a maximum and when the total 
amount of diphtheria toxin given was but 1/400 of that required to kill 


when given at one treatment. ‘The protocols of some such animals are 

4. These experiments obviously have an important bearing on the subject of 
anaphylaxis with simple proteids. The preparations of tuberculin and bouillon 
precipitate were boiled a number of hours in the process of concentration and 
precipitated repeatedly with alcohol. The bouillon used in making the control 
preparation had been sterilized in the autoclave at 110 C. for fifteen minutes 
before the concentration was begun. That used in the preparation of the tuber 
culin had probably been subjected to the same process when made. Both the 
“sensitizing” and “intoxicating” factors in these preparations were therefore ther 
mostabile as against prolonged exposure to a temperature of 100 C. in contact 
with glycerinated water. Presumably they had withstood as well a short ex 
posure to a higher temperature. 

5. von Behring and Kitashima Ueber Verminderung und Steigerung der 
ererbten Giftemfindlichkeit Serlin klin. Wehnschr., 1901, xxxviii, 157. 
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Ihe authors were evidently convinced that the animals 
specific intoxication. 

Having it in mind that in these experiments as reported there had 
not been excluded the possibility of there being a simple although 
extreme case of accumulation, and that, in view of the theoretical 
importance o! the question, it would be well to see if it would be possible 
to vary the condition in such a way as to bring out any relation to the 
reaction of anaphylaxis as we know it now, I undertook to repeat the 
observations. 


Six large guinea-pigs (the size used by von Behring and Kitashima) were 
chosen, and, beginning with 1/100,000 of the minimum fatal dose, they were 
treated according to the system described. After the third dose (1/25,000 of the 
minimum fatal dose) one of the animals died of a paracolon septicemia. After 
the fifth dose it was noticed that a second animal, which had had a small patch 
of mange, was somewhat thin and that the skin lesion had extended very rapidly. 
It seemed proper to discard this animal. The four remaining animals lost some 
weight for the first ten days but regained this in succeeding days as the treat- 
ment was continued. They all maintained weight and health until two-fifths of 
the minimum fatal dose had been given as a maximum. On the next day it was 
found that one of the four had lost 30 gm. weight in the twenty-four hours. This 
animal was not further treated. It lost more weight, suffered a slight paralysis 
in the third week and finally recovered fully. The three remaining anima’ 
received four-fifths of the minimum fatal dose on this day. One of them was 
dead in twenty-four hours with the typical picture of diphtheria intoxication. 
The other two were sick and were not further treated. One died of paralysis at 
the end of the second week, the second suffered severe paralysis and emaciation 
but made a recovery. When it is recalled that the minimum fatal dose of the 
toxin is the dose which kills in from three to five days, that large guinea-pigs are 
somewhat less definite in their normal susceptibility to the toxin than small ones, 
and that in this experiment the three animals which went through to the end 
received seven-fifths of the minimum fatal dose in three days, it does not seem 
that the result is other than would agree with the view that the animals had 
reacted in a normal way and that the earlier treatments with the small fractions 
of a fatal dose had exerted no appreciable influence on the result. 


Having in mind the factor of lapse of time, or incubation period so 


important in the instances of true anaphylaxis, the experiment was 


repeated with certain variations. 


Young animals were chosen. The starting point was again 1/100,000 of the 
minimum fatal dose. All were treated by doubling the dose each day until a 
maximum of 1/800 of the minimum fatal dose was reached. This it will be 
recalled was the point at which the reaction was obtained by von Behring and 
Kitashima. Up to this point the animals were normal in activity and gained 
steadily in weight In the case of three of the series the treatment was con 
tinued until 1/25 of the minimum fatal dose was reached. Weight and activity 
were maintained, although growth was perhaps somewhat less rapid toward the 
last. The hair fell out over the site of the last few injections also. The experi 
ment along the original lines was now interrupted, as it seemed to be following 
in the wake of the first series. 

Four days after the last injection of the series two of these animals with a 
control were injected with one hundred fatal doses of toxin. One subcutaneously, 
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the second by the intracardiac route A control was also injected into 
rhe animal treated subcutaneously was entirely well for six hours and was found 
dead the next morning. The animals injected into the heart seemed slightly indis 
posed during the first six hours and were dead the next morning 

The three animals in which treatment had been stopped at 1/800 of the 
minimum fatal dose were tested, one at ten days, and two at two weeks, afte 
the last injection with single minimum fatal dose of the toxin and found to react 
as normal animals 

ro the above experiment may be added the result of another in which it was 
found that young guinea-pigs treated with a rather large dose of washed diph 
theria bacilli reacted normally to toxin three weeks later 


It was to be expected that if the preliminary treatment had rendered 
the animals hypersusceptible to the toxin as such, it would show itself 
in a shortening of the incubation period of the intoxication. There was 
no evidence of this in the above experiments. Moreover, it is conceivabl 
that the toxin itself might give rise to a reaction of anaphylaxis in its 
narrower sense. No evidence of such reaction was seen in the anima 
treated by intracardiac injection. The dosage is such that the possibility 


, 1 } 


of producing the reaction of anaphylaxis with the unused non-specifi 


] 


eptone constituents of the crude toxin is not excluded. 


It Is not, of course, possible on the basis of these experiments t 
discredit the observations of von Behring and Kitashima. But one can, 
I think, safely conclude that the phenomenon is not a general one on 
which far-reaching conclusions can be based. One might find in som 
inconstant constituent of the crude toxin, or in some abnormal condition 
of the guinea-pigs used, an adequate explanation for the phenomenon 1! 
the experiments were conducted on a larger scale and with a mind open 
to the various possibilities suggested by the recent work on anaphylaxis 
Diphtheria toxin is a substance of such stable qualities that it is unlikely 
that an experiment of this striking character should fail to give constant 
results if it depended on the toxin itself. 


The chief further evidence in the literature bearing on the question 
1 


of hypersusceptibility to diphtheria toxin concerns the reaction of 


horses. ‘These animals in the course of immunization occasionally break 


1 


down, tl ffect of further treatment being to cause serious illness 01 


death. The antitoxin content of the blood of these animals in the stag: 


} 


of intoxication or at death is often lower than previously, but is most 
frequently still very high. This state of affairs, known as “the paradox 
ical phenomenon of Kretz,” is a paradox only in virtue of the assumption 
that it is the toxin itself which kills the animal. Of this there is no 
direct evidence and much may be said against making the assumption 
Horses continuously treated with bacteria or bacterial products of othe 


1] 


kinds—streptococci. typhoid bacilli, ete.—show the same phenomenon 
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and at autopsy present the same lesions. These lesions, amyloid liver, 
hemorrhage within and about the liver and a large amount of bloody 
fluid in the peritoneal cavity, are not those characteristic of the acute 
intoxication with diphtheria toxin; and I know of no evidence drawn 
from work with horses which indicates a specific hypersusceptibility to 
diphtheria toxin. Moreover, it may be doubted if it is proper to speak 
of this condition in the horse as one of hypersusceptibility in our sense 
of the word. While the animals at the end are, without doubt, less able 
to withstand treatment than at the highest point of the immune state, 
vet they will take without difficulty many times the dose which would 
kill anormal animal. They are also, by reason of anatomical alterations, 
fully as liable to die in this particular way after being bled as they are 
after being treated with the product with which they are immunized. 

Knorr® also presented, from von Behring’s laboratory, evidence in 
kind similar to that I have reviewed for diphtheria toxin, for a specific 
hypersusceptibility to tetanus toxin. Loewi and Meyer* in going over 
the work recently find that they are able to explain the reactions of 
Knorr on the supposition that there is in this case an absorption of 
tetanus toxin along the nerves and a gradual diffusion throughout the 
central nervous system and a very slow elimination. Subsequent injec- 
tions find the susceptible cells hypersusceptible, but only because of the 
presence of the specific substance in them; hence a peculiar case of 
accumulation. Whether this be the true explanation or not, they do show 
rather clearly that the reaction has nothing to do with the production of 
the specific antitoxin. 

Doerr and Raubitschek* compared the effects of anti-ichthyotoxin 
(anti-eel-serum) as a neutralizing substance for the toxin and as an 
agent in the passive transfer of serum anaphylaxis. They were able to 
show that the two properties of the antiserum were independent of one 
another. These results could be amplified to show that the eel serum 
contains a native toxin of specific action quite independently of the sub- 
stances which give rise to a serum anaphylaxis fully comparable to that 


produced by the non-toxic sera. There is no evidence that it is possible to 


produce a state of specific hypersusceptibility to the native ichthyotoxin. 
In summing up we may safely say, I think, that there is very little 
evidence for a specific hypersusceptibility to the true toxins or conse- 
6. Knorr: Habilitationsschrift, Marburg, 1895. (This publication is not 
iccessible; von Behring repeatedly cites this work in the present connection.) 
7. Loewi and Meyer: Tetanus-Gift Empfindlichkeit und Weberempfindlich- 
keit. Arch. f. Exper. Path. u. Pharmakol., 1908, lix, 355. 
8. Doerr, R., and Raubitschek, H.: Toxin und Anaphylactesurende Substanz 
des Aal-Serums. Berlin klin. Wehnschr., 1908, xlv, 1525. 
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quently for the regular occurrence of a state of specific hypersusceptibilit) 
as a condition underlying antitoxic immunity. 


III. ANTIENDOTOXIC, OR ANTIBACTERIAL IMMUNITY 

In a large group of diseases the causative micro-organisms have neve! 
been made to produce a characteristic extracellular poison in artificial 
cultures, the intracellular poisons or endotoxins being commonly held 
responsible for the activity of the bacteria as disease producers. Ou! 
methods of obtaining these hypothetical endotoxins are very imperfect. 
In a few instances active poisons of well-defined activity have been 
obtained by autolysis of the culture, or by grinding or dissolving the 
cultures. It has also been shown by various observers that with a number 
of these bacteria the phenomena of anaphylaxis can be obtained by treat 
ing an animal repeatedly with the living or killed cultures. The latter 
statement is also true for certain non-pathogenic bacteria. As well as can 
be judged from the description given by the various writers (and my own 
limited experience coincides with this), the phenomenon of anaphylaxis 
with bacterial cultures corresponds exactly with the anaphylaxis to non 
poisonous proteids, such as serum and egg-white. 

In order to assign to the phenomenon of anaphylaxis in the narrower 
sense a fundamental place in the immunity to diseases of the type ol 
typhoid fever, cholera or the septicemias and localized diseases due to 
micrococci, it would seem necessary to assume that the disease is due to 
the bacterial proteid as such. This assumption was indeed made by Wolf? 
in 1904. This author believes that endotoxin and bacterial proteid ar 
identical. This assumption would seem contrary to the general fact that 
the diseases caused by these bacteria are entirely distinct in their mani- 
festations, that each is well characterized in its symptomatology, lesions 
and duration. It seems much more probable that the bacterial substance 
is largely made up of indifferent proteid which must of course be carried 
into the body when the bacteria enter as invaders, and that the processes 
resulting in the reaction of anaphylaxis are concerned in removing this 
relatively indifferent or non-toxic proteid. 

Whether or not hypersusceptibility can be induced against the toxi 
autolysates or extracts of bacteria of this class, which are perhaps the 
nearest approach to the endotoxins with which we are able to deal, is as 
vet an open question. 

It has, however, been shown by a number of investigators that pro- 


cesses which seem fitted to render an animal immune to bacteria of this 


9. Wolf, A,: Ueber Grundgesetze der Immunitiit Centralbl f Bakteriol u. 
Parasitenk., 1904, xxxiv, 390 
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class may, if not perfectly co-ordinated, result in an apparent hypersus- 
ceptibility. Thus the well-known process of bacteriolysis may be exag- 
gerated as an independent phenomenon to such degree that an over- 
whelming amount of poison is suddenly set free and the treated animal 
dies more quickly and certainly than control animals infected with the 
same quantity of bacteria. This phenomenon, whether brought about as 
a passive or an active process, must be considered as an imperfect develop- 
ment of a complex immunity reaction in which the mechanism for 
disposing of the endotoxin is poorly developed in comparison with that 
for destroving the life of the bacteria. 

The phenomena of anaphylaxis must of course complicate this process, 
as the bacterial proteid is always present under these conditions. It 
cannot be denied that the anaphylaxis may influence the final result 
either in a favorable or an unfavorable way—unfavorable because the 
presence of a possible second intoxication side by side with the first may 
intensify the reaction. If, moreover, the anaphylactic reaction were mild 
and soon over, the establishment of a partial or complete refractory state 
which occurs so promptly might influence favorably in a non-specific 
way the reaction to the true endotoxin. It was shown long ago by Wehr- 
man’? that animals treated with non-fatal doses of eel-serum became in 
a few hours considerably more resistant, not only to eel-serum, but to 
snake-venom. The refractory state of proteid anaphylaxis, as was shown 
by Gay and Southard, is only relatively specific, working in such a way 
that an animal rendered refractory to the more intense reactions was 
refractory as well to the weaker ones. The processes, however complex 
they may be and however impossible it may be at present to keep them 
separate in experiment, must be considered separately if we are to avoid 
a hopeless confusion in work and ideas. 

Whatever our opinion as to the place of toxin or endotoxin hyper- 
susceptibility in relation to effective immunity, it seems clear that the 
reaction of anaphylaxis to proteids is an instance of allergy comparable 
in value to bacteriolysis, agglutinin or precipitin formation. In its place 
it seems to have most in common with the phenomenon of specific precip- 
itin formation. It concerns the same class of substance. The first 
thought of some was that the intoxication in anaphylaxis was due to 
intravascular precipitin formation. This was soon shown not to be th 
case. Pick and Yamanouchi" have recently shown, however, that a 


10. Wehrman: Recherches sur les propriétés toxique et antitoxique der sang 
et due bile des anguilles et des vipéres. Ann. de l’Inst. Pasteur, 1897, xi, 8111. 
ll. Pick and Yamanouchi: Chemische und Experimentelle Beitriige Zum 


Studium der Anaphylaxie. Ztschr. f. Immunitiitsforsch, 1909, i, 676. 
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serum containing specili recipitin 1s capable of calilng tort the ana 


phylactic reaction when injected into an animal sensitized with the sam« 


proteid as antigen, an observation suggesting some close relation between 
the two reactions, although further investigations might show that in 
this instance also the relation was one of coincidence rather than of 
fundamental association. 

To sum up, I would say: 

1. The evidence that there exists a condition of specific hypersus- 
ceptibility to the true toxins, such as diphtheria and tetanus toxin, as an 
underlying factor in antitoxic immunity, is not at all convincing 

2. Processes, such as bact riolysis, which seem to be of fundamental 
importance in the state of immunity against certain bacteria, may, if 
exaggerated, give rise to an apparent hypersusceptibility which is really 
an imperfect immunity. There is no good evidence for the occurrence 
of a specific hypersusceptibility to endotoxins. The questions involved are 
rendered still more complicated by the fact that the phenomenon of 
anaphylaxis may be developed with bacterial proteids which are probably 
not in themselves factors in the production of disease. 

3. The results of experiments which have been supposed to show that 
specific hypersusceptibility can be induced against the hypothetical “pure 
tuberculin” are so complicated by the presence of admixed substances 
that no final conclusion can be drawn from them. These admixed sub 
stances, presumably thermostabile bouillon constituents, may under 
suitable conditions give rise to a typical reaction of anaphylaxis. 


The Rockefeller Institute for Medical Research, 66th Street and Avenue A 
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PROTEIN METABOLISM IN TYPHOID FEVER * 


PHILIP A. SHAFFER, Pu.D., ann WARREN COLEMAN, M.D. 
WITH THE ASSISTANCE OF 
MicnarL Somocyt, E. A. REINOSO AND EpNA CUTLER 
NEW YORK 

It has long been known that during the febrile reaction to acute 
infections the katabolism of protein is intensified, resulting in an 
increased excretion of nitrogenous substances in the urine. This phe- 
nomenon is of such constant occurrence that it may properly be consid- 
ered a characteristic of fever. 

Because of this increased katabolism and of the disproportion between 
the anabolism and katabolism of protein the subject becomes poorer in 
nitrogenous substances. After the termination of the disease the pro- 
tein katabolism falls in intensity to or even below the normal limit, 
the anabolic process becomes more prominent, and during this reverse 
disproportion between the processes of assimilation and destruction the 
organism repairs its losses of protein and other substances. 

These conditions, fever and convalescence, afford two of the most 
interesting fields for the investigation of the complicated principles 
of physiological and pathological nutrition, as has been demonstrated by 
the numerous papers on these subjects. 

During the past two years we have been engaged in a study of the 
protein metabolism in typhoid fever. The main object of the investiga- 
tion was a study of certain aspects of the febrile katabolism of body 
protein. We hoped to determine to what extent, if at all, the loss of body 
protein during the disease could be prevented or retarded by different 
forms of food, and to establish the physiological characters of the diets 
best suited for this purpose. The experiments to be reported concern 
chiefly the effect of diets rich in carbohydrate. We have also accumu- 
lated much material concerning the quantitative composition of the 
urine from which we hoped some further knowledge might be obtained 
of the degree of abnormality in the intermediary metabolism of nitrog- 
enous substances in this disease. 

* From the Laboratory of Pathological Chemistry, Department of Experi 


mental Pathology, Cornell University Medical College, and the Second Medical 
Division of Bellevue Hospital, New York City. 
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For a critical review of the extensive literature relating to the metab 
olism in fever and allied subjects the reader is referred to various papers, 
especially that by Kraus, in von Noorden’s “Handbuch der Pathologie des 
Stoffwechsels.” We shall cite in the following pages only a few of the 
papers having an immediate bearing on our experiments. 


THE LOSS OF BODY PROTEIN 


The loss of body protein, calculated from the minus balance of nitro- 
gen, is very great in typhoid fever. F. Miiller’s patient who lost 86.4 gm. 
of body nitrogen, the equivalent of 2.5 kg. of muscle tissue, in eight days 
is not very unusual. In an experiment reported by Leyden and Klem 
perer® the subject lost 109.4 gm. of body nitrogen, the equivalent of 3.2 
kg. muscle tissue, in twelve days. In neither instance do the figures 
given represent by any means the total loss of body protein during the 
whole course of the disease in these patients. The loss for short periods 
is often relatively much greater, a loss of 15 to 20 gm. nitrogen per day 
not being very unusual in the early stages of severe attacks in muscular 
individuals. 

This loss of body protein, which apparently occurs during all acute 
infectious fevers, is due both to an increased destruction and to a 
decrease in the regenerative processes, both changes serving to intensify 
the disproportion between the anabolism and katabolism of protein. 

The increased katabolism is at present gene rally believed lO be due to 
at least two fairly distinct causes: to the pyrexia itself and to the action 
of bacterial toxins on the body cells or fluids, quite apart from the 
pyrexia. The decrease in the anabolism, the regenerative processes, is 
largely the result of a lowered or insufficient food-supply; the latter 
point may be better appreciated after considering the factors involved in 
the febrile katabolism. 

LFFECT OF SIMPLE PYREXIA 


An artificial raising of the body tem perature above the norma! for 
f protein. Fritz Voit 


some hours results in an increased katabolism « 
observed that, if the temperature of a fasting dog was raised to 40 or 
11 C., the nitrogen excretion was increased about 37 per cent. This 
iucrease was obtained only after maintaining the higher temperature for 
twelve hours, and Voit concluded that the increase of protein metabolism 


1. Miiller Centralbl. f. klin. Med., 1884, v, 596 


2. Leyden and Klemperer: von Leyden’s Handbuch der Erniihrungstherapi« 
1904, ii, 345. 
3. Voit, F.: Sitzungsb. d. Gesellsch. f. Morphol. u. Physiol. in Miinchen. 1895 


xi, 120. 
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took place after the greater part of the store of glycogen had been 
exhausted. Schleich,‘ Linser and Schmid,® and others have performed 
similar experiments. Schleich found the urea excretion of a man to be 
noticeably increased on raising the body temperature for several hours 
by means of hot baths to 39.5 C. Linser and Schmid found an increase 
of protein metabolism on raising the body temperature of a normal man, 
as well as of a subject of ichthyosis hystrix, above 39 or 40 C. The last- 
mentioned investigators believe that a simple pyrexia causes an increase 
in the protein metabolism only when the temperature is above 39 C. 
(102 F). It appears, therefore, that the febrile temperature in typhoid 
fever may be one of the factors which increase the protein metabolism. 


THE EFFECT OF TOXINS 

The human subject of an infectious fever excretes, during the height 
of the disease, much more nitrogen in his urine than does either a starv- 
ing man or a man whose body temperature has been raised by arti- 
ficial means. ‘The same rule holds true for animals experimentally 
infected with pathogenic organisms or injected with bacterial toxins. 

Neither simple pyrexia nor the degree of starvation alone is sufficient 
to explain the whole of the increase in protein katabolism, and it becomes 
necessary to seek some further factor which may act in this direction. 
Most writers call this factor the “toxic” or “toxogenous” destruction, 
meaning merely the effect of the bacterial toxins on the katabolic proc- 
esses. 

While there seems to be no doubt that the toxins have a distinct part 
in the cause for the febrile katabolism, the mechanism of this “toxic” 
action is not known. One hypothesis is represented by the statement of 
Krehl*® that it is “very probable that the agent causing the fever actually 
destroys the cell proteids in various parts of the body.” - According to 
this idea the increase in febrile katabolism involves only protein. 

Benedict and Suranyi,’ on the other hand, deny the existence of this 
sort of a toxic destruction, believing that the increased protein katabolism 
is merely a part of an increase in the total metabolism which Aronsohn* 
believes may be caused by the action of toxins on either enzymes or the 
nervous mechanism controlling the consumption of food and body ma- 
terials. 


4. Schleich: Arch. f. exper. Path. u. Pharmakol., 1875, iv, 82. 

5. Linser and Schmid: Arch. f. klin. Med., 1904, Ixxix, 514. 

6. Krehl: The principles of clinical pathology, Philadelphia, 1905, p. 394; 
transl. by Hewlett from 3rd German ed. 

7. Benedict and Surfinyi: Ztschr. f. klin. Med., 1903, xlix, 502. 

8. Aronsohn: Ztschr. f. klin. Med., 1907, Ixi, 153. 








PHILIP A, SHAFFER—WARREN COLEMAN 541 


Krehl’s view of the toxic destruction appears to be supported by the 
results of May,® who studied the total metabolism in fasting rabbits 
infected with hog cholera and found a marked increase in protein katabo 
lism, but no increase in the consumption of fat; though May concluded 
from his experiments that the increased protein destruction was chiefly 
the result of an insufficient carbohydrate supply. 

Stihelin,’® on the other hand, working with a dog infected with surra, 


} 


found an increase in the consumption of fat as well as protein, thus indi- 


cating that non-nitrogenous substances also take part in the increase of 
febrile katabolism. 
PARTIAL STARVATION 


) 


Ifa subject does not receive food of a sufficient caloric value to meet 


the daily energy exchange, his body material is drawn on to supply the 


deficit. This factor is responsible, in most cases of tvphoid fever, for a 
part of the loss of body protein. The caloric value of the diets now used 
in the disease is lower than would maintain equilibrium in even a norma] 
subject, with the result that there is not only a decrease in the anabolic 
processes, but the body tissues or fluids are further drawn on for an 
additional supply of energy. 

The degree of this partial starvation and the amount of the contin 


gent (starvation) loss of body protein is determined both by the food 


intake and by the total requirement for energy. No satisfactory general 


estimate of the amount of the latter factor can be made at present: it 
will vary greatly with different subjects and at 
disease. 

It is certain that the energy requirement of such subjects is not 


lower than the normal (about 33 cal. per kilo™’), but we cannot predict 


how much greater it is than the normal in any individual case unless we 
know the extent of the febrile increase in total katabolism. According to 
Krehl,?? the febrile increase in heat production varies between 10 per 


cent. and 60 per cent. ; the latter estimate would give a rem 


about 53 cal. per kg. 


9. May: Ztsehr. f. Biol., 1894, xxx, 1 

10. Stiihelin Arch f. Hvyg., 1904, L, 77 

11. At ordinary rest the heat production of a normal fasti: i 
about 30 cal. per kg. body weight. The heat production at complete rest is lower 
than this, Johannson recording about 22 and Atwater, in an experiment during 
sleep, 22.8 cal. per kg. Typhoid patients are, however, rarely at complete rest; 
the restless movements in bed and the shivering after frequent “tubs” or sponges 
appear sufficient to justify accepting at least 30 cal. per kg. as the basis for this 
ealeulation. To this starvation requirement we must add 10 per cent. to allow 
for the dynamic stimulation of metabolism caused by food (Rubner 

12. Krehl: The Principles of Clinical Pathology, Philadelphia 
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We have attempted above to outline the factors, so far as they are at 
present known, which are responsible for the febrile loss of body pro- 
tein. We have seen that the increased katabolism of body protein is 
due on the one hand to the febrile temperature of the subject and on 
the other to the action of bacterial toxins; and that this katabolism may 
be, and usually is, further increased by an inadequate food-supply and 


the consequent burning of body material as a source of energy. What are 
the possibilities of retarding the protein katabolism by dietetic means ? 
It is obvious that the increased katabolism of body materials and the 
loss of body protein due to simple starvation may be prevented by suffi- 
cient food. 

And if the view held by Benedict and Suranyi, Aronsohn, and in a 
qualified form by May’ be true, that the effect of the pyrexia and of the 
action of toxins is merely an increase in the total katabolism, resulting 
in a greater demand for energy-producing material, the situation with 
these factors also becomes one of undernourishment. The body protein, 
together with fat, is drawn on as in simple starvation to meet the demand 
for fuel, though in larger amounts on account of the increased heat pro- 
duction. The chief obstacle to this view has been the apparent impossi- 
bility of preventing a loss of body nitrogen in a fever subject, even 
though he be given food of such calorie value as supposed |y to cover his 
energy exchange ; and the lack of success in such efforts is, in fact, largely 
responsible for the conception of a “toxic” destruction of body protein, 
in the meaning of Krehl. But, according to our experiments, the reason 
for this lack of success is not that it is impossible to prevent this febrile 
loss of body protein, as would be the case were Krehl’s conception true, 
but that food of sufficient fuel value and of suitable character has not 
heen used. 

Voit, and Linser and Schmid. were able to retard the increased pro- 
tein katabolism of simple pyrexia by giving additional carbohydrate in 
the food. 

To retard or to prevent the excessive katabolism of body protein due 
to the action of toxins has been found very difficult; the experiments of 
Weber™ are the only ones in which success is clearly shown. This inves- 
tigator injected extract of glanders bacilli into a sheep and obtained a 
loss of nitrogen, although the animal received a diet which had pre- 
viously maintained nitrogen equilibrium. In a second experiment, with 
food equivalent to 73 cal. per kg., the animal gained nitrogen during six 
davs of fever. The gain, however, was less than during the normal 


13. May Ott: Chemische Pathologie der Tuberculose, Berlin, 1903, p. 259 
14. Weber Arch. f. exper. Path. u. Pharmakol., 1901, xIvii, 19. 
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pe riods. He was able, therefore, wholly to prevent a loss of body pro- 
tein which, with less food, would have been caused both by the pyrexia 
and by the direct action of the toxins on the protein metabolism. 

Ir 


usually impossible, to study the effect singly of partial starvation, pyrexia, 


a subject of typhoid or other infectious fever it is difficult, and 


or the action of toxins on the protein katabolism, and one must ordi 
narily be content with determining the combined effect. This is essen- 
tially what has been done by Weber, by May with rabbits, and by Purit 
and Leyden and Klemperer, with human subjects of typhoid fever. 

\ll these experiments give some indication, it seems to us, that the 
total protein katabolism in fever, and the loss of body protein, may be 


influenced by the caloric value of the food. May and Weber drew this 


conclusion irom their experiments, but the principle involved does not 


appear to have been accepted as generally applicable, and the results of 
these experiments have had no effect upon the dietetic treatment of! 
febrile conditions in the human subjec t. Puritz believed the loss of bod, 
protein to be less with high protein diets; Leyden and Klemperer, thoug! 
of the same opinion, cone lude that the “toxic” loss of protein cannot he 
alfected by an) dietary régime. 

There are other reasons for believing that food of high ealoric valu 
and especially rich in carbohydrate should be effective in protecting the 
body protein from excessive destruction in fever. The work of Lusk,?* 
Sivén,'? Landergren,’* Folin,’® Murlin.2° and others has shown th 
superior value of carbohydrate in sparing body protein in afebrile con- 
ditions. 

Fat alone fed to an animal retards the loss of body protein little or 
not at all, but spares an equivalent quantity of body fat." 

Protein when alone must be given in extremely large amount before 
nitrogen equilibrium is obtained, because of the large specific dynami 
effect (Rubner) of protein In increasing the total metabolism. Carbo 
hydrate alone, on the other hand, may reduce the amount of nitro 
gen excreted by 50 per cent. to 70 per cent, of the starvation exeretion 

Our experiments were undertaken with the hope, based on the con 


siderations stated in the preceding pages, that the total febrile destruc- 
15. Puritz: Virchow’s Arch. f. path. Anat.. 1893, exxxi, 327 
16. Lusk. Ztsehr. f. Biol., 1891, xxvii, 45! 
17. Sivén: Skand. Arch. f. Physiol., 1901, xi, 308 


18. Landergren: Skand. Arch. f. Physiol., 1903, xiv, 112 

19. Folin, Otto Am. Jour. Physiol., 1905, xiii, 66 

20. Murlin: Am. Jour. Physiol., 1907, xx, 234 

21. A portion of the carbohydrate of a maintenance diet mav be reé placed by 
fat without materially affecting the protein katabolism. The above statements 


refer to previously starved animals 
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tion of body protein might be decreased even to normal limits by the 
addition to the food of large quantities of carbohydrate. It seemed to 
us probable that carbohydrates might exert the same or similar protecting 
influence on the body protein during the febrile reaction in man as they 
do during partial starvation. 

These expectations have been realized to the extent that we have found 
it possible, by giving diets of unusually high caloric value, and con- 
sisting principally of carbohydrate, very greatly to diminish and in some 
instances wholly to prevent the loss of body protein as indicated by the 
nitrogen balance. Our investigation includes work on twenty-four sub- 
jects of typhoid fever, the results from all of which show, with a fair 
degree of uniformity, though to varying extents, that other factors, such 
as temperature, intensity of the febrile process, protein intake, etc., being 
the same or comparable, the loss of body protein becomes less the higher 
the caloric value of the food. The results from only seven subjects need 
be given. The results and conclusions from the work with other sub- 
jects are in substantial agreement with these. 


PLAN OF EXPERIMENTS 


The procedure was varied with the different subjects. A constant diet 
from day to day was frequently impossible, but the amount of food taken 
in each twenty-four hours was accurately recorded. The protein, fat 
and carbohydrate, as well as the caloric value of the food, has been cal- 
culated from the following data, based in part on our own analyses made 
from time to time and in part upon Kénig’s and Atwater and Bryant’s 


tables. 

Protein Carbohydrate Fat 

- a % 

Milk (by volume) 3. 5. 5.0 
Cream (by volume 2. 3. 30.0 
Butter (by weight). , ' 85.0 
eee , J 60.0 
Eggs (selected to weigh about 60 gm. gross). 12. 9.0 
One egg . 2 , 5.4 gm.) 
Lactose . eal 100.0 
“Somatose” . 12.4% nitrogen 
Liebig’s meat extract 9.2% nitrogen 
Whisky . 40.0% alcohol 


The energy value of the diets is calculated on the basis of Rubner’s 


rures : 
gm. protein 
gm. carbohydrate 


gm. fat.. ° 
Nitrogen < 6.25 = protein. 
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The urines were collected in twenty-four hour quantities. The collec- 
tion of complete twenty-four-hour urines from bed patients who ar 
acutely ill is not an easy task, and in a large and busy ward in a general 
hospital is frequently very difficult. For the success of an investigation 
of the nature here reported it is necessary that one have every possible 
assurance, rather than only an assumption, that the urines are complete. 
During the last half of the work two special nurses, who had no other 
duties than attendance on the patients being studied, were detailed 
through the courtesy of Dr. S. T. Armstrong, superintendent of the hos- 
pital, and of Miss Goodrich, superintendent of nurses. To the care of 
these nurses is due the infrequency of the loss of urines as well as the 
successful and accurate administration of the food. 

The following is a form of printed blanks which were written up 


and signed by the nurses and sent to the laboratory with each bottle of 
urine or feces: 
METABOLISM IN FEVERS 


Name Ward Bed 
a Tm 
Urine for 24 hours, ending at date) 
p. m 
a. m 1. m 
Feces for day s, from to 
p. m. p. m 
a.m. 1. m 
Temperature: lowest at highest at 
p. m. p. m 
p.m. 
Weight of patient Ibs. at date 
a. m : 
NURSES: Quantity of 
Urine. 


Each nurse, when she goes off duty, will please sign her name above stating the time 
she was in charge of the patient If no accidents concerning the administration of food 
(as refusal to take all or part, or loss of through vomiting—if patient vomits, state 
hour) or the collection of the complete ercreta have occurred, she should write O. K 
after her name. Otherwise, she should describe on the back of this sheet the amount 
of food refused or left or vomited, and the approximate quantity of urine or feces lost 
and how it was lost Please send this sheet to the laboratory with its corresponding 
specimen 


When this sheet is used for a specimen of feces, data concerning urine, temperature 
and weight may be omitted 


By this means responsibility for the collection of excreta and admin- 
istration of food was centered on individuals, with the result that acci 


dents of this nature were rare, and, more important still, were accurate! 
recorded when they did oceur.*? 

22. A similar blank had been previously used by Folin and one of us (Shaffer 
at the McLean Hospital. Printed blanks also were used daily for recording in 
the ward the amount and kind of food taken by each patient. To the advantages 
derived from the use of these blanks we attribute in large measure the teclnica] 
success of our experiments 
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The urines were analyzed at once for total nitrogen, kreatinin, krea- 
tin, and in many instances for other substances. In some cases “‘com- 
posites” representing a number of days, were made by mixing aliquot parts 
of consecutive urines. These composites were then analyzed for the sub 
stances stated in the tables. 

The feces, marked off by charcoal, were collected and analyzed for 


total nitrogen during a part of some experiments, but not in all. It is to 


be regretted that the limited capacity of the laboratory prevented further 
work on the feces. For the calculation of the nitrogen balance we have 
used nitrogen figures for each day’s urine, and, except where the feces 
were analyzed, have arbitrarily taken 15 per cent. of the food nitrogen 
as representing the amount of nitrogen in the feces. 

This latter assumption is admittedly a source of error, but this error 
is probably fairly constant with individual patients and, we believe, does 
not affect the validity of our conclusions, based as they are on compara- 
tive figures.** 

The analytical methods used were: 

Kjeldahl! method for total nitrogen; Folin’s method for urea, krea- 
tinin, kreatin, total sulphur** and its partition among inorganic, ethereal 
and neutral sulphur, titrated acidity*® and indican;:** Boussingault- 
Shaffer method for ammonia ;** Folin-Shaffer method for uric acid; Sal- 
kowski method for xanthin bases: Volhard method for chlorids: Fehling’s 
or Pavy’s methods for sugar; Shaffer’s method for beta-oxybutyric acid,** 
and a modified Messinger-Huppert method** for acetone plus diacetic 
acid. The fraction called “rest” nitrogen is the difference between the 
total nitrogen of the urine and the sum of urea-, ammonia-, kreatinin-, 


kreatin- and uric-acid nitrogen 


DETAIL OF EXPERIMENTS 


PATIENT 1 R—n. male, aged 23, tailor, fairly well nourished, admitted the 
seventh day of the disease. Positive serum reaction IlIness severe. Duration 
of the fever thirty-five davs Iwo recrudescences 


23. The feces of Hoesslin’s typhoid subjects (Virehow’s Arch. f. path. Anat.. 
1882, Ixxxix, 317) contained on the average about 1 gm. nitrogen per day. Ley 
den and Klemperer’s subjects excreted usually between | and 2 gm. nitrogen in 


the feces, the amount increasing with the nitrogen of the food 


In one case the 
last-named worker assumed the feces-nitrogen to be 10 per cent of the food nitro 
yen In our own analyses, the feces-nitrogen amounts to between 10 and 20 per 


cent. of the food-nitrogen 


24. Folin, O J. Biol. Chem., 1906, i. 131 

25. Folin, O Am. Jour. Physiol., 1908, ix, 205 

26. Folin, O \m. Jour. Physiol., 1905, xiii, 53 
27. Shaffer, P (m. Jour. Physiol... 1903. viii, 330 


"8 Shaffer. P lour. Biol. Chem... 1008, iv. 211 
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The experiment began on the twelfth day of the disease and con- 
tinued thirty-two days, during the last eight of which the temperature 
was normal. 

With the exception of six days, when a strict milk diet was given, 
the patient received food of high caloric value; and during four days 
the protein intake was kept very low, maintaining at the same time the 
high caloric value of the food. The detailed results of this experiment 
are given in Tables 1, 2 and 3. Throughout the whole experiment there 
is a fairly close relation between the nitrogen balance and the caloric and 
protein value of the food. 

This experiment may be conveniently divided into five periods, the 
average results of which are given in Table 4, to which the attention of 
the reader is particularly directed. 

During the first period of eight days (twelfth to nineteenth days of 
disease) when receiving food equivalent to 62 calories per kg. and 8.9 
gm. of nitrogen, the patient lost an average of 5 gm. of body nitrogen 
each day. This is just the type of result which led von Leyden and 
Klemperer and others to conclude that the harmful effect of the toxins 
in causing a destruction of body protein cannot be prevented. But, as we 
shall see, the loss during this period was undoubtedly much less than 
would have occurred with food of a lower caloric value. In the second 
period, when the temperature was still fairly high, and the fever process 
certainly still active, the food was further increased to 71 calories per kg. 
and 10.9 gm. of nitrogen, with the result that the subject gained an 
average of 0.9 gm. nitrogen each day! Although the nitrogen intake 
was increased by 2 gm., the excretion was decreased by 3.9 gm. It is 
clear that during this period the whole of the febrile increase in protein 
katabolism was either prevented by the large food supply, or was more 
than compensated for by a retention of food protein. 

In interpreting an experiment of this sort we must, of course, remem 
ber that the condition of the subject or the intensity of the febrile process 
is constantly changing, and we must so far as possible make allowance 
for this factor. The difference between the nitrogen balance of Periods 
| and IT is undoubtedly due in part to such a change in the intensity of 
the processes involved. On the other hand, we certainly have no reason 
for believing that the febrile katabolism, including the action of the 
toxins, had ceased during Period IT, and, if this action was still at work, 
we can scarcely avoid the conclusion that the loss of body protein which 
would otherwise have taken place was prevented by the high caloric value 


of the food. In Period I the katabolism was more intense, the demands 


were greater than the supply, and the subject lost body protein; in 
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II the katabolism was less intense, the food 


» demand, and the subject gained protein. 


In Period IV, the last of fever, pathologic katabolism was stil 
lace. The food contained more protein (12.7 gm. nitrogen), but 


equaled only 36 cal. per kg. and the subject lost 3.1 gm. nitrogen per da 
In the absence of any increased katabolism, this food should maintain 
equilibrium. In Period VI, the first si F of normal temperature, 


the food was again increased t r per kg. and the subject gained 


5.1 gm. nitrogen per day. 


Period JII is of interest as showing » Importance 


moderate amount of protein in the food. ‘The fat and carbohydrate 


intake was kept practically the same as in Period II, which gave a plus 


balance of 0.9 om. nitrogen, but the protein was decreased to a ver 
small amount (average 2.4 om. ith the result that the patient lost 3.5 


gm. nitrogen per day. This loss, however, seems remarkably smal 


under the circumstances; the nitrogen excretion was reduced to 5.9 gm 
It should be noted that the marked sparing of body protein observed 


during this experiment was accomplished by food very rich in carbo 


vdrate. In four periods the subject received each day carbohydrat 


} 
ne 


equivalent to more than 40 cal. per 


The kreatin excretion of this subject Ss aiso signilicant Wi 


sha 
have frequent occasions to refer to the excretion of kreatin and the fo 
lowing explanation of the bearing of this substance may be stated at 


t 


his point. Endogenous kreatin is not excreted under norma! cond 


tions, but. as has been shown.** kreatin is excreted when muscle tisse 


i 


are being broken down or absorbed. One of the most marked instance 


of a large excretion of kreatin is In women during the first week post 


partum, when, as is known. the involution of the muscular wall of thi 


uterus is proceeding most rapidly. The nitrogen derived from th 
sorbed protein is excreted at the same time in the urine, resulting 


marked minus balance.“® This relation is also shown in dogs bi 


experiments of Murlin. 

If, as seems probable to us, the belief is correct that endogenous 
kreatin is excreted only when protein of muscle tissue is being katabo 
ized, it should be possible to determine from the amount of kreatin ex 
creted approximately the extent of the abnormal destruction or con 
sumption of muscle tissues. While recognizing that this conception has 
29. Shatter Am. Jour. Physiol., 1908, xxiii, 1 
30. Slemons Johns Hopkins Hospital Rep., 1905 
31. Murlin Unpublished work 
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oo 


not been definitely proved, it appears sufficiently clear to justify its use 
in the interpretation of our results. 

The amount of kreatin excreted in Period 1 very nearly corresponds 
with the loss of nitrogen, indicating that the body nitrogen lost was in 
this period wholly derived from muscles; 0.21 gm. kreatin-nitrogen 
0.65 gm. kreatin. Human muscle contains about 0.4 per cent. kreatin; 
then 0.65 om. kreatin 163 gm. muscle, which (X 3.4 per cent. nitro- 
gen) equals 5.55 gm. nitrogen. The sudden drop of kreatin on the sec- 
ond dav of Period IL (Table 3) from 0.25 to 0.03 nitrogen probably 
indicates a sudden and marked diminution in the pathologic metabolism 
of muscle protein; whether as a result of the increased food-supply or of 
a change in the patient’s condition it is difficult to decide. Perhaps both 
are responsible. In the third period, although there was a loss of nitro- 
gen, kreatin was excreted on only one day, indicating that the nitrogen 
lost was not directly derived from muscle tissues. 

During Period [V kreatin unfortunately was determined on only two 
days, the result on the third day (0.09 gm. nitrogen) being equivalent 
to about 2.4 gm. muscle-protein-nitrogen. Accepting this day as repre- 
sentative of the period, the kreatin indicates that the greater part of the 
protein Jost was derived from muscle, in which we may suppose the 
katabolism to have been increased as a result of the decrease in fuel 
value of the food. 


Patient 2.—U—h, male, aged 24, laborer, well nourished and of good develop 


ment, admitted on the tenth day of disease. Blood culture positive. Illness 
severe. Duration of fever thirty-five days. 

The experiment began on the tenth day of the disease and ran for thirty days, 
during the last eight of which the temperature was normal. This experiment 
may also be divided into five periods, the average results of which are given in 
Table 8. The detailed results are given in Tables 5, 6 and 7 

With this subject we see again the marked sparing of the body pro- 
tein by food rich in carbohydrate, though nitrogen equilibrium was not 
attained during the fever. In the first period the food contained 9.7 gm. 
nitrogen and was equivalent to 31 cal. per kg.. which fairly represents 
the diet commonly used in typhoid fever. The patient lost 8.9 gm. of 
nitrogen each day, and excreted an average of 0.18 gm. kreatin-nitrogen, 
the latter corresponding to about 4.7 gm. of muscle-protein-nitrogen, and 
indicating that about half of the nitrogen loss was directly derived 
from muscle tissue. 

In the second period with the temperature fairly high (third week of 
the disease ) the food was in reased to 63 eal. per kg... 43 of which were 


given as carbohvdrate. The loss of nitrogen was decreased 5 gm. and the 
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kreatin almost disappeared, the latter, we think, indicating that th 
pathologic katabolism of muscle protein was practically stopped. 

During the third period the diet was again reduced in fuel value to 
31 calories per kg., while the protein intake was somewhat increased. 
The temperature was lower than in the previous periods, but the loss of 
nitrogen was very considerably increased. Both kreatin and uric acid 
were slightly higher than in the second period, indicating an increase In 


the protein katabolism taking place in the muscles. The amount of 


kreatin excreted was, however, equivalent to only 1 gm. of 
protein-nitrogen, er one-seventh of the amount of the n 
The greater part of the nitrogen lost was, therefore, probab 
from the blood or tissue fluids. 

The food in the fourth period, the last six days of fever, was again of 
high caloric value, 66 calories per kg., and the subject was almost in 
nitrogen equilibrium. The kreatin excreted was about the same as 
during the preceding period, and just about corresponds to the amor 
of the minus balance (0.7 gm.) of nitrogen, assuming thi 
been derived wholly from must le-prote In. 

The fifth period consists of seven days of convalescence, 
the food was about the same as during Period IV, except 
increase in protein. The subject showed a plus balance of 2./ 
gen per day. The small amount of kreatin excreted probab!| 
that muscle protein was still being absorbed in very slight degree, 
the loss of nitrogen from this muscle protein is more than com] 
for by the retention of food nitrogen. 

The experiment shows that the addition to the food of carboh 
equivalent to 32 calories per kg. was followed by a decrease in t] 


ren loss of 5 gm., and the subsequent withdrawal of this carbohy 


9 


resulted in an increase of 3 om. in the nitrogen Joss. On again 


ng the carbohydrate intake to 43 carbohydrate calories per kg 


ject lost an average of only 0.7 gm. of nitrogen during the 
of fever and gained 2.5 gm. (average) during the first sé 
normal temperature. 


PATIENT 3.—Z— 0, male, aged 20, laborer, well nourished, admitted the fourth 
day of the disease. Blood culture positive Illness moderately sever: Sputum 
blood-stained but no tubercle bacilli could be found, nor any signs of tuberculosis 
in the lungs 

The « xperiment began on the nint] day of the disease and 


for thirty-two days, on the last seven of which the temperatur 


mal. In this experiment, which is divided into six periods, 


nitrogen, kreatinin and kreatin were d "min n the urine 
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as usual, while all of the other determinations were made in “composite” 


urines representing the whole of the several periods. The latter results 
are given in Table 12. A summary of results in periods is given in 
Table 11, and the daily detailed data in Tables 9 and 10. 

This is one of the most interesting experiments of the series. Dur- 
ing the first period, at the height of the disease with food equivale nt to 
?2 calories per kg. and 13.9 gm. nitrogen, the subject dost only 0.9 ym. 


nitrogen per day. The amount of kreatin excreted (0.05 om. nitrogen ) 


is equivalent to 1.3 gm. muscle-protein-nitrogen. ‘This roughly corre- 
sponds to the nitrogen balance and indicates that the nitrogen lost was 
derived wholly from muscle tissues. 

On the other hand, the amount of kreatin excreted as well as the 
minus balance of nitrogen, was very small. From results of our experi- 
ments with other subjects there can be no doubt that with food of lower 
caloric value this patient would at that time have excreted mucli 
kreatin and would have shown a large minus balance of nitrogen during 
this period. That he did not excrete much kreatin indicates not only a 
protection afforded to the protein of blood and tissue fluids (circulating 
protein) from being drawn on as a source of fuel or for other purposes, 
but a protection of muscle proteins from the mechanism of the “toxic” 
destruction. Whatever the nature of this protection, it was certainly 
accomplished by the high caloric value of the food. 

In the next period (11) the diet was increased to 85 calories per kg. 
by the addition of cream, and the subject was practically in nitrogen 
equilibrium. Only 0.02 gm. of kreatin-nitrogen was excreted. though the 
temperature was still high, and it seems fair to believe that a pathologic 
destruction of muscle and other body protein would have taken place 
but for the large food-supply. 

In the third period the diet was kept the same, with the important 
exception of withdrawing 600 gm. (!) of carbohydrate. The subject 
received food equivalent to 45 calories per kg., but lost an average of 8.5 
gm. nitrogen per day. That the effect of withdrawing carbohydrate is 
even greater than the above figure indicates is shown by the daily anal- 
vses (Table 10). The excretion of nitrogen increased progressively to 
the last day of the period and might have gone higher. This is probably 
to be explained by the protection of glycogen stored during the preceding 
period of high carbohydrate diet. Calculated on the basis of the last two 
days of the period, the daily loss would be 10.2 gm. of nitrogen. 

The kreatin excretion during this period also was small, making it 


probable that the nitrogen lost was not derived from muscle tissues. 


Assuming the muscles to be an important seat of the “toxic” destruction, 
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10 920 19.4 
11 Urine lost 
12 Soo 15.1 
1s 3 1400 18.6 
14 S60 16.2 
15 S80 16.2 
16 17.3 
17 13.0 
Is 12.0 
19 10.3 
20 o.9 

16 
3 17.9 
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1130 13.0 
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20 11z0o S.1 
30 isso 7.0 
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O.56 
0.57 


urine lost 
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0.46 
o.38 
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Periop Ill 
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ooo 


ool 
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ny i | 
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zo 
0.90 
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OSS 
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0.60 
0.50 
0.68 


0.72 
0.45 
0.51 
0.63 
O.77 
0.43 
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food nitrogen 


OF URINE 


Per Cent. of Total 


a 


Nitrogen 


NH, Rest 
7.5 6.6 
9.1 8.5 
95 5.6 
8.5 6.1 
8.6 5.7 
8 11.0 
75 8.6 
9.1 8.3 
8.9 6.5 
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5.7 8.3 
6.7 9.3 
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PHILIP A. SHAFFER—WARREN COLEMAN 


sing that in this period, when much body nitrogen was being 


» muscle protein was not being in part drawn on. It may be that 


s are protected until the circulating protein has sustained a 


certain loss P this instance the muscles may have been protected 


f four days by a reserve supply of glycogen accumu 
lated during the previous periods. This explanation is not wholly satis 
factory; but the fact remains that those of our subjects wh« 
viven diets of high caloric value excreted, as a rul 
time when thev were losing mut h body prote in, while those who received 
food of high fuel value excreted much less kreatin and, even on with 
drawing fat or carbohydrate, these latter patients showed, 
very considerable amounts of kreatin in the urine. And if our premis¢ 
is correct, that the appearance of endogenous kreatin in the urine indi- 
cates the destruction of muscle protein, the conclusion is warranted that 
by the diets of large calori lue » j yme way protect tl 
tissues from this pathologic katabolism. 


In the fourth pe riod much carbohydrate was again added, the food 
representing 89 calories per kg., 52 of which were in the form of carbo- 


hydrate. Excluding the first day of the period, the average balance was 


¢ 


minus 2.8 om. OL nitrogen. Why the loss was greater here 
Period II is not-clear, but it was much less than in Period ILI. 


During half of Period V the subject had a normal temperature. With 


food equivalent to 83 calories per ks 


there was an average daily gain of 
1.2 gm. nitrogen. In Period VI most of the carbohydrate was again 


withdrawn and the nitrogen excretion rose, giving on the last day a 


minus balance of 2.3 gm. nitrogen. The temperature was normal and 


the food contained 13.5 gm. nitrogen and 41 calories per kg. The aver 


age balance (— 0.3 gm.) does not fairly represent the period because of 
the effect, during the first days. of the carbohydrate stored from 
preceding period. 


PATIENT 4.—W—d, male, aged 23, hotel clerk, well-nourished, taken ill one 
week before admission. Illness severe. Fever lasted twenty-six days, with mild 
relapse of seven days’ duration. Blood-culture negative The serum dic not 
react to the typhoid bacillus but was not tried against the intermediates The 
whole clinical picture, however, was that of typhoid fever 


The experiment with this patient is to some ¢ nt t opposite of 


the last described (Z—o), and again shows very strikingly the great pro 


} 
tection from the loss of body protein afforded by food m n carbo- 


vdrate. 
The daily detailed results are given in 


contains the averages of periods for 
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564 PROTEIN METABOLISM IN TYPHOID 


Table 16 the results of sulphur and nitrogen partitions in composite 
urines representing the several periods. 

During the first nine days of the experiment, which began on the 
tenth day of the disease and continued for thirty-five days, the patient 
received a strict milk diet, so frequently used in typhoid fever. The 
food was equivalent to 31 calories per kg. and contained 12.6 gm. of 
nitrogen. Excluding the first two days of this period, which clearly show 
the effect of food of high fuel value given during several days before the 


1 


beginning of tl 


e experiment, the average loss per day was 11.3 gm. of 
nitrogen. Kreatin unfortunately was not determined during this period. 
During the following six days the food remained the same, except for 


the addition of much carbohydrate in the form of lactose, the average 


rABLE 15 PATIENT 4, W—D AVERAGES FROM PERIODS 


Range of Maxi Food 
No.of mum Temp. F Cal. Per Kg Nitrogen Excretion Balance Kreatinin 
Days During Period. Total Fat Cc. Gm N N : 


Periop I 
0 104.4-102.6 s1 1s Ss 12.6 23.0° 11.3 0.69 


Periop II 
6 102.8-100.6 65 is 42 12.6 13.77 — 1.1 0.54 


Pertop Ill 


6 99.8-100.8 2 18 8 =F 16.3 3.6 0.44 
Pentop IV 

8 102.4- 99.6 77 21 50 14.2 10.5§ - 3.7 0.51 
Periop V 

6 Normal 40 22 12 14.4 12.6 + 1.8 0.44 


* First two days of period excluded from average 

+ First three days of period excluded from average 

t First and last days of period excluded from average 
§ First day of period excluded from average 


fuel value of the diet then being 65 calories per kg. There resulted a 
rapid decline of the nitrogen excretion so that, on the last three of the 
six days of the period, the subject lost only 1.1 gm. nitrogen each day. 
This result is perhaps due in part to the simultaneous fall in tempera- 
ture; but that the added carbohydrate was very largely responsible is 
shown by the next period (III), when the patient had a normal tem- 
perature except on one day. The lactose was withdrawn and there was at 
once an increase in the nitrogen excretion, giving an average minus bal- 
ance of 3.6 gm.* 

32. The first and last days of this period are excluded from the average; the 


first because of the effect of glycogen stored in the preceding period, the last be 
cause of the increase in protein intake 
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PROTEIN METABOLISM IN TYPHOID 


Except for the one day on which the temperature rose to 100.8 F. and 
which is excluded from the average, this was clinically a period (III) of 
convalescence ; and yet with food equivalent to 32 calories per kg. and to 
12.7 gm. of nitrogen the subject lost 3.6 gm. of body nitrogen per day. 
The conclusion seems warranted that the food was not of sufficient fuel 
value to prevent or compensate for the excessive protein destruction 
which was still taking place. It is obvious that the excessive protein 
katabolism of this period was not due to pyrexia since the temperature 
was normal. 

The following period (IV) includes five days of a relapse and three 


~ 


days of normal temperature. Food of high fuel value, 77 calories per 
kg., was given throughout and the subject gained nitrogen on each day 
of the period, the average balance being plus 3.7 gm. Practically no 
kreatin was excreted. The interpretation seems wholly justified that the 
large food-supply, consisting chiefly of carbohydrates, completely pre- 
vented in this instance the excess of protein katabolism which undoubt 
edly would otherwise have taken place. 

During Period III the temperature was normal, but the subject lost 
3.6 gm. nitrogen each day on a diet containing 32 total calories and 8 
carbohydrate calories per kg.; during Period IV, in spite of relapse dur- 
ng five of the eight days, he gained 3.7 gm. nitrogen each day on a diet 
containing 77 total calories and 50 carbohydrate calories per kg. As 
compared with Period III there was a sparing during Period IV of at 


least 7.3 om. (3.7 | 3.6] 7.3) of nitrogen per day, which gain is 


presumably wholly referable to the difference in diet. 


Food Period LI Period IV 
rim gm 
0 77.0 


0 44.0 


lotal cal. pet 


‘ 
5 
9 
0 
” 
0 


9 
Yotal cal. per kg 2 
Carbohydrate cal. per kg 8.0 50.0 


Fat cal per kg 18.0 21.0 


The only marked diiference in the diets is in the carbohydrate cal 
ories. It appears fair to interpret these figures as showing that the addi 
tion of 42 carbohydrate calories per kg. has in this patient spared 7.5 
om. nitrogen or 45.5 om. ol b dy protein. 

In the last period, with normal temperature, the subject showed an 
iverage plus balance « 1.8 gm. of nitrogen on a diet equivalent to 40 
calories per kg. The increased katabolism had probably ceased and the 
food was, under the conditions, more than sufficient to maintain equi 
librium. The situation here is in sharp contrast with that in Period III 


when, with normal temperature and food equivalent to 32 calories per 
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ke.. a minus balance of 3.6 gm. was observed; in the latter pe 


pathologic increase in katabolism was doubtless still taking place 


; 


norma Lell 


he comparison of the results in these two periods 


perature again illustrates the importance of the intensity of the kataboli 


process in determining the degree of sparing of body protein aceon 


lished by any given food. This factor explains the difficulty in con 


paring, quantitatively, a result from one subject With that ol another, 


even the results from twe different periods on the same subje 


> ; 


PATIENT 5.—B—t, male, aged 23, driver, well-nourished, admitted to 
on seventh day of disease Positive blood-culturs [Illness moderately severe 
xperiment was intended primarily to determine the relative 
fat versus carbohydrate in protecting the body protein in fever, 


not carried out as planned an e conclusion on this point is 


The experiment does 


hydrate, and 1s of interest also 


The experiment began on 
lays. ne ud n 


for thirty-four « 


tl elgnt days. The averages 
xperiment is divided are 
bles 17, 18 and 20. 
the first pe riod of eight days at 
ie of the food averaged 56 calori 
fat and 16 in carbohydrates. The subject | 5.5 gm. nitrogen 
In the next period (II) the fat was in part withdrawn and more carbo 
hydrate added, so that the average daily food equaled 69 calories per kKg., 
ich 39 were in carbohydrate and 24 in fat. Th f nitrogen 
was decreased by 2 gm. The situation is, however, 
emperature and the higher total caloric and prot val 
he second period; and no conclusion seems to be justified re 
relative value of fat versus carbohydrate in retarding the 
loss of nitrogen. There was, however. a n arked sparing effect in both of 
these periods. as shown bv Period | , when the temperat ] 
than betore. Che food contained practica the same 
ren (16.1 2 is in Period II, but was equivalent to « 
per ke.: excluding » first dav. the average loss was 


On ty lay rf tl period the temperature rema 
while on ty ver days the highest temperature was o1 100.2 and 
100.4 F., respectively. On the last day of the period a relaps in and 
the temperature reached 101.6. Except on this last day, the patient 


considered clinically almost in the condition of convalescenc« 


food, which under normal circumstances 
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rABLE 19 PATIENT 5, 


Range of Maxi Food 
mum Temp. F. - 
During Period Total Fat Cc. Gm 

PERIOD 


103.8-101.6 


100.6-100.0 


PERIOD 


NITROGEN BALANCE AND 1 


nee Uring 
Volume Nitrogen as 
Balance é Total. Kreatinin. Kreatir 


I 


Oz 


“11-15 


1900 


1540 


AVERAGES FROM PERIODS 


Cal. Per Kg Nitrogen Excretion Balance 
3 N - 


N 


I 


III 


101.6- 99.4 3 23 16.1 


PERIOD 


102.2-101.8 23 22 


PERIOD 


IV 


Vv 


100.8- 99.4 72 24 43 17.1 


* First day of period excluded from average 


+ Excretion of last day taken as representing pe 
¢ First two days of period excluded from average 
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tained equilibrium, he lost more than twice as much body nitrogen as i 
the previous period (II). Even assuming the intensity of the katal» 
processes to have been no greater in Period II than in I]]—and it 
probably was greater—the additiv.-al carbohydrate of Period II (equiva- 
lent to about 30 cal. per kg.) appears to have accomplished a sparing of 
1.3 gm. nitrogen per day. 
During the next three davs (Period IV), in the midst of 

the protein intake was increased by the addition of “somatose” to be 
tween 21 and 23.5 gm. nitrogen, the total fuel value of the diet remain 


ing at about 40 calories per kg. On account of the lag in excretion, the 
first two days of the period are excluded and the last day is taken to 
represent the period. On this day the loss of nitrogen was 7.9 gm 
ndicating no advantage from the increase of protein intake, though this 
conclusion is rendered somewhat uncertain by the relapse and the cons 
quent probable further increase in the kat sm of body protein. 
During at least the last nine of the ‘lve days of Period V the sub 
ject was in at would ordinarily be called a convalescent condition 
His temperature was normal, and ically his disease was at an end 
But, in spite if high calorie valu 72 calories per ) and con 


taining 17.1 gem. of nitrogen, there was : mall | f body nitrogen 


throughout the period. <A loss of 0.2 gm. of nitrogen per day, of course. 


s not great and, if less than the estimated 15 per cent. of the food nitro 


ren was excreted in the feces, there mav even ive been an actual slight 


nitrogen. But this difference is of little consequence; the sig 
nificant thing is that the subject was not gaining three or four grams of 
nitrogen each di h. according to other ex’ ments, he should hav 
dene on such a diet unless a pathologic increase in metabolism was pet 
sisting after the fall of temperature. We are inclined to interpret th 
result in this way: that in this period, as in Period III, the pathologi 
ncrease in katabolism continued after the temperature became normal 
and after the disease was apparently at an end, and that a considerabl 


s of body nitrogen was prevented by the large food-supply. 


PATIENT 6.—L—d, male, aged 32. waiter, fairly well nourished Moderately 
severe illness, with a relapse of thirteen days. Positive serum reaction with 
typhoid bacilli 

The experiment began on the seventeenth day of the disease, almost 
at the end of fever, and continued for forty-three days. including a 
relapse of thirteen days’ duration. The detailed results are given 
Tables 21, 22 and 23, and the averages of periods in Table 24. 

During the first period of four days, representing the end 


fever. the patient received food equivalent to 24 calories per 
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TABLE 21 


Day Wt. Temp 
Diseas« Kg High 

17 64.5 102.2 

Is ° 101.4 

19% 64.0 100.0 

va 900.4 
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7 oof 

s 99.6 
iaps 

l 6 101.6 

~ 103.0 

> Ho 103.2 

i 63.2 102.8 


’ 103.4 

‘ 63.7 103.4 
7 104.2 
S 4.0 103.4 
; 102.0 

Average 
1” 64.0 101.6 
11 LOLS 
12 OOo 
l OLS 
onvalescence 

99.4 

y4 09.4 
3 99.2 
4 99.4 


Average (excluding last 


> 64.5% 99.6 
i OS 
7 90.6 
Ss 65.1 99.8 
" Hn Gg 
Average 

Ad oo t} 
! 64.7 006 
f 99.4 

68.1 99.6 
: my OOo 
7) 90.6 
6 29.6 
‘ ° 100.0 
‘ i 100.4 
0 es 09.2 


Average 
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22.—PATIENT 6, L—D: DAILY ANALYSES OF 


Urine 
Day o olume Nitrogen 


Disease tal s Kreatinin. Kr 





17 3. vi 0.47 


18 
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1900 5. | ( 0.14 
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576 PROTEIN METABOLISM IN TYPHOID 


containing 10 gm. of nitrogen. A daily minus balance of 8.3 gm. of 
nitrogen was found, and 0.11 gm. of kreatin-nitrogen was excreted. 
Both of these results are of very considerable interest, showing, as they 
do, that, with a somewhat inadequate food-supply, the protein katabol- 
ism was still very markedlv increased, when the disease, as indicated by 
the temperature and clinical condition of the subject, had practically 
run its coursé Attention is particularly called to the considerable 
excretion of kreatin at this time. 

In the second period of six days, during which the temperature was 
normal, the energy value of the food was doubled (51 eal. per kg.), 
which was immediately followed by a sharp decline in the excretion of 
nitrogen and of kreatin as well. 

Excluding the first day of the period, in which the effect of the high 
caloric diet is not seen, the averages for the period are: a minus balance 
of 1.1 gm. nitrogen (as compared with 8.3 gm. of the preceding period). 
and 0.05 gm. kreatin-nitrogen. 

Four of the six days of Period III were the beginning of a relapse. 
The patient received food equivalent to 58 cal. per kg. and containing 
12.9 gm. of nitrogen. Excluding the first day of the period, the urine of 
which was lost, there was an average plus balance of 0.6 gm. nitrogen 
and 0.06 gm. kreatin-nitrogen ; the kreatin indicating a somewhat greater 
absorption of muscle protein, which was more than compensated for by 
the retention of other protein. The next five days, Period 1V, repre- 
senting the height of the relapse, the patient received food equal to 55 
calories per kg. and 10.8 gm. nitrogen, nearly as much as in the pre- 
ceding period, but this was not sufficient to counterbalance or prevent a 
marked increase in the protein katabolism, and the subject lost an aver- 
age of 3.8 gm. nitrogen each day. This loss, however, quickly stopped 
when the food was increased to 78 calories per kg. and 13.7 gm. nitrogen. 
the average of the next period (V). 

During each of the eight days of this period (V), on three of which 
the temperature was above normal, the subject showed a plus balance of 
nitrogen, the average being 3.8 gm. Practically no kreatin was excreted. 

For the following five days of normal temperature the greater part 
of the carbohydrate was withdrawn from the food, which was otherwise 
the same as in Period V, and represented 13.7 gm. nitrogen and 37 
calories per kg. ‘The excessive endogenous katabolism of protein ob- 
served in earlier periods had ceased and this diet was more than sufficient 
for equilibrium, the subject gaining 1.2 gm. nitrogen per day. 


In the last period (VIL) much carbohydrate was again added and 


an average plus balance of 4.5 gm. nitrogen was found. Carbolivdrate 
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equivalent to about 30 calories per kg. added to the food caused an 
increased retention of 3.1 gm. nitrogen (4.3-1.2) per day for ten days 

PATIENT 7.—G—t, male, aged 38, tinsmith, admitted on the twenty-first day 
of the disease, claimed to have lost 15 pounds, but looked well-nourished. Illness 
very severe. Duration of fever forty-seven days, followed by a relapse of twenty 
seven days. Complicated by serofibrinous pleurisy, cholecystitis with jaundice, 
and several slight intestinal hemorrhages. Sputum bloody but no tubercle bacilli 
could be found 

The experiment with this patient is the longest of this series. Our 
observations began on the thirtieth day of the disease, which was twenty 


1 


days before the temperature remained normal for the first time, and 
continued for seventy-two days, on forty-seven of which fever was pres 
ent. In spite of this long and very severe illness, the patient weighed 
about 2 kg. more at the end than at the start of the experiment. A 
cording to the sum of the daily balances of nitrogen, there was during 
the experiment a tota! loss of about 150 gm. (allowing 20 gm. for the 
days on which the urine was lost) and a total gain of 243 gm., giving a 
net gain of about 93 gm. of nitrogen. This is the equivalent of about 
2.9 kg. of muscle tissue. 

The seventy-two days of the experiment are divided into fifteen 
periods, the average results of which are given in Table 28. The daily 
data are given in Tables 25, 26 and 27. 

During the time of Periods I to IV, and VII to XI, inclusive, the 
patient had a fever temperature, while in the remaining periods the tem- 
perature was practically normal. In Period I there was an average daily 
loss of 7.7 gm. nitrogen (excluding the first two days, when the protein 
intake was very low) with food of an average value of 52 cal. per kg 


and 9.2 om. nitrogen. During the next three days (II) the food was 


increased by the equivalent of 21 cal. per kg. in the form of carbohydrate, 
and the nitrogen loss was decreased by 5.5 gm. per day. ‘This result is 
probably in part due to a lowered intensitv of the katabolic processes 
coincident with the fall in temperature, because in the two following 
periods (III and IV) a slight plus balance was obtained, though the 
food was of less calo.ic value (but of higher protein value) than in 
Period IT. 

In Periods V and VI the temperature was about normal and the 
protein katabolism was not markedly abnormal; minus balances of 0.6 


and 0.7 om. nitrogen were obtained with food equivalent to 28 and 27 


cal. per kg. 


33. The loss of nitrogen during the first thirty 
experiment began, was of course great and probably) 


gain. 
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PHILIP A. SHAFFER—WARREN COLEMAN 
TABLE 26.—PATIENT 7, G—T: DAILY ANALYSES OF URINE * 


Day of - Nitrogen 
Disease Volume c.c rotal Kreatinin Kreatin 


Preriop I! 
750 16.0 
950 18.3 
1570 20 
2450 16.3 
1970 16.3 
1050 4.3 
1590 5.5 
1490 5.3 
1490 3 


740 0.36 
1000 0.50 
SOU 0.45 


(Somatose) 


O3ag 0.07 
0.46 0.04 


0.41 0.07 


0.00 
0.00 
0.02 


2060 
2060 


1940 


7.4 


63 1870 

4 2000 Meat Extract 
65 1380 

66 Urine lost 

67 Urine lost 

oS S60 

69 Urine lost 

70 1160 


330 2.3 0.50 
300 2.3 0.47 
320 0.56 
200 0.56 
1400 0.53 
1600 0.48 


ee ee 


* During Period VI, and on second day of Period IX, subject was given meat 
During Periods III, XIII and XIV, the food contained ‘“‘somatose.” 
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In Period VII, coincident with the beginning of a relapse, the carbo 
hydrate food was again increased and, during the next nine days of fever 
(VII and VIII), the subject gained nitrogen each day, the diet equaling 
56 and 58 cal. per kg. and 12.6-10.8 gm. nitrogen. Here, again, it seems 
very clear that we wholly prevented any febrile loss of body protein. 

In Period IX the patient’s condition became more serious and we 
were able to give only a moderate amount of food, 38 cal. per kg. and 
less. The consequent great disproportion between the decreased food 


supply and the probably increased demand for energy or in reased in- 


tensity of the katabolic processes resulted in ver) considerable losses of 
body nitrogen (3 to 10 gm. daily). That the loss was not even greater 
seems surprising, and is probably to be explained by the known tendency 
of the organism to react less violently to such a stimulus in the later 
stages of a long iliness. 

This same tendency probably explains the fact that during the next 
period (X), with the temperature still above normal, nitrogen equi 
librium was attained on almost the same diet. 

On further increasing the value of the food to 82 cal. per kg. (XI) 
there was an average plus balance of 6.6 gm. nitrogen per day, though 
the maximum temperature on four days was above 101 F. 

During the remainder of the experiment the temperature was normal! 
and the excessive katabolism observed during the febrile reaction had 
given place to the increased anabolism characteristic of convalescence. 
Food of high protein content and equivalent to 70 (XJI), 105 (XII), 70 
(XIV) and 65 (XV) cal. per kg. resulted in the large average daily 
plus balances of 6.8, 15.7, 8.7 and 4.1 gm. nitrogen. 

A comparison of Periods XIII and XIV shows the great value 
carbohydrate in assisting the gain of protein in convalescence, which 
not wholly in accord with the idea of Benedict and Suranyi, that the 


nitrogen retention in convalescence is largely independent of the 


{ 


uel 
value of the food. 

A comparison of Periods II and VIII again illustrates the impor 
tance of the intensity of the katabolic process in determining the degree 
of sparing of body protein to be accomplished by any diet. The intensity 
of the katabolism does not always go parallel to the temperature, as has 
been pointed out by Kraus and others. In both of the above periods the 
maximum temperature was about the same, and the food differed only 
slightly. 

Food 


Period II 
Period VIII 
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The difference in the nitrogen balance of these periods must be, in 


f 


arge part, due to the difference in intensity of the katabolic processes 


THE NITROGEN PARTITION OF THE URINE IN TYPHOID FEVER 


} 


In addition to the data on this topic contained in the experiments 


already described, results from the analyses of the urine in three othe 
severe cases are given in ‘lables 29, 30 and 31. 

Patient 8—P—s, aged 31, admitted the tenth day of the diseas Positive 
blood-culture. Illness very severe Duration of temperature sixty-seven days 
Complicated by intestinal hemorrhage. Marked emaciation 


Patient 9—O—-y, laborer, aged 21, poorly nourished, admitted the sixth day 
of the disease. Blood culture positive. Illness severe Duration of fever twenty 
eight days. Complicated by cholecystitis, without jaundice, and furunculosis 
Emaciation during the illness marked 


Patient 10—E. K—r, lithographer, aged 15, admitted the eighth day of the 


disease Positive blood culture lliness moderately severe Duration of fever 
twenty-one days, followed by a relapse Complication, otitis media 
Kreatinin.—From the work of Folin** and others®*® we know that in 


health the amount of this substance excreted is independent of the total 


amount of protein katabolized, and is practically constant from day t 


day. and from hour to hour. It has been further shown that the amount 


excreted by different individuals bears a definite relation to the weight.** 
muscular development and strength*® of those individuals. Kreatinin 
is essentially a product of endogenous metabolism,** but is not a meas 
ure of the total endogenous metabolism.*® The truth of the latter stat 


ment is well shown by the kreatinin excretion by subjects of typhoid 
fever. With the increased katabolism of fever there is usually an increas 
in the amount of kreatinin excreted, as has already been shown by 
Leathes,** but by no means in proportion to the total amount of the 
body protein katabolized. In considering the question of an increase 01 
decrease of kreatinin excretion we must not base any conclusion on the 
absolute amount excreted, because of the great normal variations in « 


ferent individuals; but must consider the relative amount per kg. of bod 


weight. The highest relative excretion of kreatinin observed during thes 


experiments is 10.6 mg. kreatinin-nitrogen per kg., the “‘kreatinin-coefl 
cient” of U-h (Experiment 2, Period I, see Table 8), at which tim 
the subject was losing about 9 gm. O nitrogen pel dav. and his tota 

34. Folin Am. Jour. Physiol., 1905, xiii, 83 

35. Klercker Biochem. Ztschr 1907, iii, 46 Hoogenhuyze and Verploegh 
Ztschr. f. physiol. Chem., 1905, xlvi, 415 Shaft An Jour. Phvysiol.. 19008 
kxll, 445 

36. Shatter (Am. Jour. Physiol., 1908, xxiii, 1 


37. Leathes: Jour. Physiol., 1907, xxxv, 205 
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endogenous katabolism was therefore greatly increased. The normal 
kreatinin-coefficient of this subject, a laborer, was certainly not less than 
9, which gives a probable increase of less than 20 per cent. in the krea- 
tinin excretion at the height of the fever. The other experiments show 
in general the same rule: a marked, though relatively rather slight, 
increase during the height of the fever. This increase is very clearly 
shown by those patients who suffered a relapse (see Tables 15, 24 and 
28). With, or even before the fall in the temperature, there is a pro 
gressive decline in the kreatinin excretion, this decrease apparently going 
somewhat parallel with the lowered muscular strength of the individual, 
although the kreatinin-coefficient does not usually fall so low as is often 
seen in subjects of chronic diseases.** 

The lowest relative kreatinin excretion observed in these subjects were 
about 4 and 5 mg. kreatinin-nitrogen per kg., found late in the disease 
with P——s (Table 29) and G——-t (Table 28) respectively; and these 
were the patients who suffered the longest and most severe illnesses of the 
series. 

In order to gather more accurate data from these patients regarding 
the relation between muscular strength and the amount of kreatinin 
excreted, a few measurements with a hand dynamometer were made on 
seven days early in convalescence on W d, G t, and B——+t. 

Five tests with two-minute intervals were made with each hand on 
each day. These tests were made after the end of the experiments and 
the kreatinin excretion at the time is not known, but the latter had prob- 
ably not greatly changed from the values found in the last period of the 
respective experiments, and these values are therefore used in the accom- 
panying comparison. The readings of the dynamometer are given in 
kilos. 

While the tests with such an instrument are not very exact, and allow 
us to judge the strength of only one set of muscles, the results are fairly 
satisfactory and show very strikingly that the strongest subject excreted 








relatively the most kreatinin.*® 

The increase of kreatinin excretion during the height of the fever, 
as has already been pointed out by one of us,*® is an exception in the rela- 
tionship of kreatinin to muscular development; but, aside from this 
exception, the amount of kreatinin excreted per kg. of body weight runs 
parallel with the “muscular efficiency” of the individual. 


38. Shaffer: Am. Jour. Physiol., 1908, xxiii, 1. 

39. For making the tests with the dynamometer we are indebted to Dr. E. S. 
Bishop, Junior Physician on the second Medical Division of Bellevue Hospital. 

40. Shaffer {m. Jour. Physiol., 1908, xxiii, 10. 
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TABLE 32.—PATIENT 7, G—T: MEASUREMENTS WITH HAND DYNAMOMETER * 


Day of ¢ 








* Test began ten days after t 


‘ABLE 33.—PATIENT 4, W—D: MEASUREMENTS WITH HAND DYNAMOMETER 


Day of Convalescence 
16 
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PROTEIN METABOLISM IN TYPHOID 


Kreatin.—The behavior of this substance in typhoid fever has already 
been referred to. It is excreted in large amounts at the height of the 
disease if the subject is losing large quantities of body protein (see Table 
29, the subject of which lost much body nitrogen throughout the greater 
part of the experiment). We believe that the kreatin excreted under 
such circumstances is directly derived from muscle tissues, and that its 
appearance in the urine indicates that muscle tissues are being destroyed. 


TABLE 34.—PATIENT 5, B--T: MEASUREMENTS WITH HAND DYNAMOMETER 


Day of Convalescence 
15 





RicuT Hanp 


(28) 39 41 35 41 
37 37 36 40 43 
36 40 40 43 44 
41 a5 39 39 44 
37 33 40 2 40 


LerT HAND 


t6 i) 37 6 41 
tS 8 34 40 t8 
38 30 35 tT 37 
36 $1 35 tS 38 
4 0 37 6 39 


Average 
36.7 33.8 37.4 38.6 40.5 


Average of all Readings 
37.4 
Kreatinin Coeficient * 
8.3 
* Average of last ten days of Period V==0.615 gm. Kreatinin—N Divided by 74 
Kg.==8.3 
Uric Acid.—Except for a few instances, the diets used contained no 
purins, and we are therefore concerned only with endogenous uric acid. 
Our results show as a rule a marked increase in the excretion of this sub- 
stance during the height of the fever, followed usually by a decline with 
the fall of the temperature. The amount excreted varies with different 
individuals and exch experiment should be considered by itself. With 
some of the subjects the uric acid remained high well into convalescence 
(Tables 28 and 29), while with others it fell in convalescence to prob- 
ably below the norma! (Tables 8, 29 and 30). The high uric acid exere- 
tion during the fever is in accord with the observations of Leathes** and 
others. 
Nanthin Bases——A. R. Mandel* has determined the amount of xan- 
thin bases excreted by three subject of surgical fevers and by one subject 


$1. Mandel: Am. Jour. Physiol., 1904, x, 452; ibid, 1907, xx, 439. 
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of pneumonia, and finds a maximum of about 60 mg., calculated as 
xanthin, in twenty-four hours, as compared with the probable normal 
of about 20 or 30 mg. On the basis of these results, together with the 
fact that a rise in temperature follows the injection or ingestion of 
xanthin bases, Mandel apparently concludes that substances of this 
nature are primarily responsible for the febrile temperature. We can 
scarcely agree with this view. According to our results the excretion 
of xanthin bases bears no constant relation to the height of the tempera 
ture. With Z—— o, for instance (Table 12), the xanthin increases with 
the slow fall in the temperature, the reverse of Mandel’s finding. With 
3——t (Table 20) the same is true except that the highest amount 
(81 mg.) was excreted during the relapse. With L——d (Table 24) 
there is little difference between the periods of fever and of normal 
temperature. With W——d (Table 16) the highest amount, 91 mg. 
xanthin, is found at the height of the disease, but the lowest, 30 mg., 
appears during a relapse when the temperature was moderately high. 

Most of our results are abnormally high, according to Mandel’s stand- 
ard,** but are not high when compared with the results of Camerer.* 

We find no evidence in our experiments that the xanthin bases are 
increased in typhoid fever or that the amount excreted bears any con- 
stant relation to the febrile temperature, thus failing to confirm either 
Erben** or Mandel. 

Urea, Ammonia and “Rest” Nitrogen.—Folin* has shown that for 
the judgment of the normality or abnormality in the excretion of these 
substances, or “fraction” in the case of the “rest nitrogen,” it is neces- 
sary to consider the amount of total nitrogen excreted. Table 35 con- 
tains the normal limits, compiled from the results of Folin and of one 
of us, for the excretion of these substances. The figures are based on the 
analyses of about 200 urines from a large number of normal persons. 
On the basis of these standards it is rather surprising that we do not 
find any very marked deviations from the normal in these subjects of 
typhoid fever. There are many instances in each experiment of increased 
s rarely 


excretion of ammonia and “rest” nitrogen, but the increase 
great, and not at all comparable to the figures obtained by Ewing and 
Wolf in the toxemias of pregnancy and allied conditions. On the whole 
our results justify the conclusion that during the height of the diseas: 
or during a relapse there is usually a slightly higher “rest” nitrogen and 








42. Morganbesser: Cited by Mandel. 

43. Camerer: Ztschr. f. Biol., 1891, xxviii, 72. 
44. Erben: Ztschr. f. Heilk., 1904, xxv, 33. 
45. Folin: Am. Jour. Physiol., 1905, xiii, 66. 
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ammonia excretion than is found either normally or in the less active 
stages of the disease, but that the differences are usually not great enough 
to warrant the belief that the urea-forming process is necessarily seri- 
ously interfered with in uncomplicated typhoid fever. 

The almost, if not quite, normal urea and “rest” percentages at times 
when the subjects were losing much body protein-nitrogen are especially 
instructive in showing that the protein of body tissue is at least under 
these conditions katabolized in the same way as food protein.** (See 
Table 8, Periods I and III; Table 12, Period III; Table 20, Periods 
I, II, ete.). 


TABLE 35.—PROBABLE NORMAL LIMITS IN THE EXCRETION OF UREA, 
AMMONIA AND “REST” N. 


—_—_——__—_—_——-Per Cent of Total Nitrogen—————————_ 


Gms. of Total Urea Ammonia “Rest” 
Nitrogen. Low. High. Low. High. Low. High. 
8to 5.9 56 79 4 13 4 15 
6to 9.9 72 85 2 7 5 10 
10 to 14.9 80 89 2 6 4 9 
15 to 22 85 90 2 5 2 7 


We should, of course, not conclude from our results that one never 
finds in typhoid fever very marked abnormalities in the excretion of 
urea and rest nitrogen. Ewing and Wolf*’ have found low urea and high 
“rest” nitrogen percentages in fatal cases. We have had no fatal cases 
in this series, though many of the subjects were severely ill. From the 
fact that most of our subjects did not show a very marked increase in 
“rest” nitrogen or decrease of urea percentage we are led to the conclu- 
sion that a serious interference with the urea-forming function is not an 
essential part of the process of typhoid fever, and that, when such marked 
abnormalities of this function appear in this disease, as found by Ewing 
and Wolf, they are the result of factors complicating the disease. And 
by such complicating factors we mean not the common accidents, like 
intestinal perforation, but rather a serious damage to the liver or other 


46. The truth of the above statement depends, of course, on the reliability of 
the methods for the determination of urea. The Folin method, which we believe 
is superior to other methods at present used, has been employed in these experi- 
ments and in all other recent work in this laboratory. This, like other urea 
methods, is, however, an indirect one, and is based on the assumption, proved by 
Folin for normal urines, that no substance other than urea is present which may 
be decomposed, with the formation of ammonia, under the conditions of the de- 
termination; and we should not overlook the possibility that in fever or other 
pathological urines such substances may be excreted, 

47. Ewing, J., and Wolf, C. G. L.: The Clinical Significance of the Urinary 
Nitrogen: III. Nitrogenous Metabolism in Typhoid Fever, Tue Arcuives Int. 
Mep., 1909, iv, 330. 
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important organs, perhaps involving cellular degenerations, and thus 
interfering with the functions of those organs. 

The ammonia excretion in these experiments was usually somewhat 
increased during the active stages of the disease, this increase being on 
the whole greater than the increase of “rest” nitrogen. The high am- 
monia is probably coincident with an increased excretion of organic 
acids; diacetic and oxybutyric acids were never found, even at those 
times when the subjects were not receiving much carbohydrate. The 
amount of ammonia was moreover never large enough to indicate any 
considerable acidosis. The ammonia excretion in these subjects does not 
appear to have been affected by the intake of carbohydrate, as it would 
be in the presence of an oxybutyric acid acidosis. 


THE SULPHUR PARTITION OF THE URINE IN TYPHOID FEVER 





Total Sulphur.—Since the sulphur of the urine is derived chiefly 
from food or tissue protein the amount of total sulphur excreted usually 
bears a fairly constant relation to the amount of total nitrogen of the 
urine. As might be expected this relation varied somewhat with different 
diets. With a milk-egg diet, with or without meat, between 7 and 8 
parts of total sulphur are excreted for each 100 parts of total nitrogen.** 
The same relationship was found in the urine of these subjects of typhoid 
fever, whether they were losing body protein or retaining food protein. 
The ratio between total sulphur and total nitrogen was with W——d 
(Table 16) 7.5 when he was losing 11.3 gm. of body-protein nitrogen 
per day and 7.3 when he was gaining 3 
the same thing is seen with Z——-o and B——t (Tables 12 and 20). The 


.? gm. nitrogen per day. Much 
ratios are in several instances below 7, but are, on the whole, remark- 
ably constant. 

The fact that an equivalent amount of sulphur is excreted with the 
nitrogen, even when the subject is losing body protein, is of interest in 
showing that the effect of carbohydrate in decreasing the nitrogen excre- 
tion in fever is not to be explained by a mere temporary retention of 
amino-acids of the food protein in the form of amino-sugars (Liithje**). 
Were this the case we should expect, on withdrawing the protecting carbo- 
hydrate, a sudden excretion of the retained nitrogen without an accom- 


panying amount of sulphur.°® On withdrawing the carbohydrate from 


Z——o (Tables 11 and 12) in Period III the nitrogen excretion 
48. Folin and Shaffer: Am. Jour. Physiol., 1902, vii, 145. Folin: Am. Jour. 
Insanity, 1904, lx, 729. Shaffer: Am. Jour. Physiol., 1908, xxii, 449. 


49. Liithje: Verhandl. d. Kongress f. inn. Med., 1906, xxiii, 440. 
50. Unless the nitrogen were retained in some form of thio-amino-sugar 
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increased over 50 per cent., and the total sulphur increased practically 
in proportion. In Periods I and I], when there was great protection 
from the febrile loss of body nitrogen, the nitrogen-sulphur ratios were 
normal, again indicating that the body protein was actually protected 
from taking part prominently in the febrile katabolism. Had the carbo- 
hydrate caused merely a retention of amino-acids this ratio might well 
be abnormally high. 

Ethereal Sulphur.—This fraction of the sulphur excretion by our 
subjects was within the normal limits, usually between 0.02 and 0.07 gm. 
This fact and the usual absence of a large excretion of indican gave no 
indication of excessive intestinal putrefaction. 

Neutral Sulphur—tThis fraction of the sulphur partition was uni- 
formly much increased above the accepted normal vaiues of 0.10 to 0.15 
gm.°' The highest amounts were excreted during the height of the 
fever, and fell to within normal limits with the decline of the tempera- 
ture. The amount of neutral sulphur excreted in this disease bears no 
constant relation to the total sulphur, to total nitrogen, or to the loss of 
body-protein-nitrogen, and the significance of the febrile increase in this 
fraction is not at present clear. 

Subjects of fever are supposed to be especially prone to alimentary 
glycosuria; and we rather expected to find a considerable excretion of 
sugar during the times when our patients were taking large quantities 
of lactose and other carbohydrates. Small quantities of sugar, rarely 
more than traces, were occasionally found in the urines during these 
experiments. ‘The amounts were not large enough for accurate deter- 
mination by titration with Fehling’s or Pavy’s solutions, and probably 
never exceeded 0.2 per cent., or a maximum of about 6 gm. in twenty- 
four hours. 

THEORETIC CONSIDERATIONS 

We have seen on a number of occasions in the preceding pages that, 
during the active stages of the disease, a loss of body protein may be 
wholly prevented by the intake of food of sufficient caloric value. These 
instances show very conclusively that the febrile destruction of body 
protein, including both the effect of pyrexia and of toxins, in the human 
subject of typhoid fever, may be either prevented altogether or may be 
compensated for by a large retention of body protein. As stated earlier 
in this paper, other experiments have indicated that the effect of pyrexia 
in causing an increased katabolism of protein may be prevented, but so 
far as we know the experiments here recorded are the first to show satis- 


51. Shaffer: Am. Jour. Physiol., 1906, xvii, 369-375; ibid, 1908, xxii, 449. 
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factorily in the human subject that the action of toxins, as well as of 
the pyrexia, may be prevented from causing a loss of body protein by 
the addition to the food of a sufficient quantity of carbohydrate. 

What is the probable explanation of this sparing of protein by carbo 
hydrate in fever? Do we, by food of high caloric value, actualiy retard 
or prevent the febrile destruction of the body protein, or do we cause 

; 


an increased retention of food protein which masks the destruction ¢ 
body protein ? 

This very important question we, of course, do not hope to answer 
conclusively in this paper, but certain of our results have a very direct 
bearing on this consideration. 

Results based wholly on the comparison of the intake and excretion 
of nitrogen, the nitrogen balance, show merely the final gain or loss of 
nitrogen to the body; they do not show variations in the extent of the 
endogenous metabolism; they do not tell us the amount of body protein 
destroyed in fever any more than they tell us the amount of protein 
destroyed in the normal endogenous katabolism. The nitrogen balance 
in our experiments shows that the loss of protein in fever becomes less 
or may be prevented by food of high carbohydrate value. We might 
interpret this in at least two ways: that the large food-supply causes 
merely a retention of food protein or other nitrogenous substances, thus 
masking the destruction of body protein; or that the large food-suppl) 
has furnished all of the required energy and in available form to main- 
tain equilibrium, and that the body found it no longer necessary to use 
its own material for that purpose. 

Should we accept the idea of Krehl of an actual destruction of the 
protein of body cells by bacterial toxins we must also accept the first 
explanation of our result, because it is improbable that such a toxik 
destruction can be prevented by any form or amount of food. But 
Krehl’s idea of the toxic destruction has by no means been proved to be 
correct, and there is one point brought out in our experiments and 
already referred to which we think distinctly favors the other interpre- 
tation—i. e., that the chief effect of the large carbohydrate intake is 
actually to protect the body protein from taking part in the excessive 
katabolism. This point is the behavior of the kreatin excretion. We 
have already considered this matter in some detail and need not repeat 
it here further than to say that endogenous kreatin, so far as we know, 
is excreted only when there is an abnormal absorption of muscle protein ; 
that we have found it excreted in large amounts by the subjects of our 
experiments when they were at the same time losing much body protein; 


and that it was not excreted, or at anv rate in but small amounts, when 
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the same subjects were being protected from the loss of body protein by 
food of high caloric value and rich in carbohydrates. It therefore seems 
very probable that such food in some way greatly retards and, if suffi- 
cient, may even prevent the “toxic” or other destruction of muscle 
protein. 

The relative constancy of the relationship between total nitrogen and 
total sulphur, which has already been referred to, is another indication 
of the same character. 

Whether the above conclusion is wholly sound, further work will have 
to determine. It may well be that there remains a relatively small effect 
of toxins on the protein katabolism which may not be influenced by food, 
for, as we have seen, small amounts of kreatin were often excreted when 
the subjects received a very large supply of food and when they were 
even gaining nitrogen. Kreatinin, uric acid, and neutral sulphur are 
usually high during the active stages of the disease, whether or not the 
food value is high, and the endogenous katabolism concerned with these 
substances may be independent of the food supply. But we believe our 
results show that quantitatively the most important part of the febrile 
destruction of body protein (in typhoid) may be retarded or prevented 
by food containing a moderate amount of protein and very rich tn carbo- 
hydrate. 

The total caloric value of the diets used in the periods of great pro- 
tection of body protein is very high, 60 to 90 cal. per kg. Whether such 
large amounts of food were actually utilized within the organism it is 
impossible to learn from our data. We have had no facilities for deter- 
mining the total energy exchange, but, from the few such determina- 
tions which have been made on fever subjects, it is perhaps improbable 
that the total heat production of our patients reached the values repre- 
sented by the larger amounts of food. 

It seems to us more probable that the carbohydrate is the essential 
constituent of the food, and that the same sparing of body protein might 
have been accomplished had the fat been withdrawn from the various 
diets. The basis for this opinion is, however, not wholly satisfactory, 
for the data in our experiments regarding the relative value of fat in 
sparing body protein are not clear. This point awaits further investi- 
gation. 

If fat does not assist in the protection of body protein from the 
febrile destruction the sparing observed during these experiments is to 
be referred to carbohydrate alone. The carbohydrate value of the diets 
used during the most favorable periods was between 40 and 50 carbohy- 


drate calories per kg., and this amount, or even more, is necessary to pre- 
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vent wholly a febrile loss of body protein. It may be that in carbohy- 
drate alone we must supply more energy than equals the total heat pro- 
duction; and, if so, the situation is similar to that of the experiment 
by Murlin,®* who found that 125 per cent. of the maintenance require- 
ment in the form of carbohydrate, when given to a dog, spared 49 per 
cent of the starvation excretion of nitrogen, while 100 per cent. of the 
requirement spared only 23 per cent. of the starvation excretion. 

The typhoid subject who is losing body protein (62.5 gm.) equivalent 
to 10 gm. of nitrogen per day derives from this protein only 250 cal., 
and it seems very remarkable that, to prevent this loss, we must give him 
additional carbohydrate equivalent to 2,000 cal. or more. The same is 
true in simple starvation. In neither instance have we at present any 
explanation of this apparent anomaly. In both cases it is evident that 
the use of the carbohydrate is not a mere replacement of isodynamic 
quantities of protein. Some insight into these questions will doubtless 
follow investigations of the total energy exchange in fever subjects 
receiving diets containing varying quantities of carbohydrate. At the 
present time an adequate explanation of this action of carbohydrate is 
not possible. 

PRACTICAL THERAPEUTIC CONSIDERATIONS 


We have so fur avoided any discussion of the therapeutic value in 


tvphoid or other acute infectious fevers of the protection from the katab- 
olism of body protein afforded by diets rich in carbohydrates, for the rea 
son that we have not accumulated sufficient data to judge this question. It 
seems to us obvious that unless there are distinct and forceful objections 


} 


to such dietetic treatment the subject of the disease will be better off if he 


is not permitted to use up his body materia Unless we gratuitiously 
assume the febrile destruction and loss of body protein to be a beneficial 
process, it is difficult to avoid the conclusion that we are ministering to 
the welfare of patient by preventing that destruction or loss. We 


have so far encountered clinically no valid objection to the use of such 
diets as those of the experiments here described, and, unless future experi- 
enc proves such cbjection, we believe it highly desirable to retard and, 
possible, prevent the febrile loss of body protein. 
The general nutrition of the subjects of our experiments was excep- 
tionally good at the end of the disease, many weighing more at the time 


dischargt than when thev entered the hospital. 


A more detailed discussion of the strictlv clinica] aspects of this ques- 


tion will be attempted in a future paper 


52. Murlin Am. Jour. Physiol., 1907, xxi 
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600 PROTEIN METABOLISM IN TYPHOID 


CONCLUSIONS 


As a result of our experiments the following conclusions may be 
drawn regarding the protein metabolism in typhoid fever: 

1. By the use of diets of high caloric value and especially rich in 
carbohydrate it is possible to retard and, if the carbohydrate supply be 
sufficient, to prevent the febrile loss of body-protein-nitrogen in subjects 
of typhoid fever. 

2. By such dietetic treatment the “toxic” destruction of body pro- 
tein as well as the destruction due to simple pyrexia in this disease may 
therefore be either prevented or compensated for. 

3. The behavior of kreatin and of total sulphur in our experiments 
appear to show that the febrile destruction of body protein, including the 
action of pyrexia and of toxins, is actually retarded or even wholly pre- 
vented by the intake of sufficient carbohydrate. 

The prevention of the febrile loss of body protein is therefore prob- 
ably not to be explained by a mere compensatory retention of food 
protein. 

4. The results support the belief that in fever there is a greater need 
for carbohydrate; that if the food does not contain sufficient carbohy- 
drate the body protein is drawn on perhaps to supply energy in an avail- 
able form ; but that, if sufficient carbohydrate be available from the food, 
the body protein is protected from the febrile destruction. 

5. If, as seems probable from our results, the “toxic” destruction of 
body protein may be prevented by large carbohydrate intake, the mechan- 
ism of this “toxic” destruction cannot be a direct (poisonous) injury to 
body cells and proteins. 

6. To maintain nitrogen equilibrium in typhoid fever the food must 
contain 10 to 15 gm. nitrogen in addition to much carbohydrate. Our 
experiments show no advantage from a further increase of food-protein 

We take pleasure in expressing our obligations to Dr. Armstrong. to 
Miss Goodrich, to Drs. W. M. Kerr, T. 8. Kearns, members of the resi- 
dent staff of the second division of Bellevue Hospital, for many cour- 
tesies and assistance during the work; to Mr. M. I. Smith and Dr. G. H. 
tentz for assistance in the laboratory, and to Dr. C. L. Dana for the 
privilege of continuing the work during his service in the hospital. 
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GONOCOCCEMIA 


WITH A REPORT OF SIX CASES IN WHICH THE GONOCOCCUS WAS ISOLATED 


FROM THE BLOOD DURING LIFE * 


ERNEST E. IRONS, M.D 


CHICAGO 


The occurrence of the gonococcus in the circulating blood in certain 
forms of gonococcus infection has long been recognized. The demon 
stration of viable gonococci in the effusions of gonococcus arthritis led to 
the conclusion that at some time previous to the arthritis gonococci must 
have been present in the blood. Hewes in 1894 first isolated the gonoco 
cus from the blood in a case of arthritis. The clinical observation that 
endocardial lesions not infrequently followed local infection by the 
gonococcus was supplemented by the finding of the organisms in the 


endocardial vegetations in fatal cases of ulcerative gonococcus endocar 
ditis. Thayer and Blumer’ in 1896 isolated the gonococcus in pure cul- 
ture from the blood during life in a case of ulcerative endocarditis. and 


post-mortem demonstrated the organism in the endocardial vegetat 


ons. 
Faure-Beaulieu* in 1906 collected thirty-four cases from the literature 


in which the gonococeus was isolated from the blood during life. This 


series included cases of arthritis, endocarditis, and sepsis without local 


manifestations. Kiilbs,* in a review of the literature of gonococcus endo- 
carditis up to 1907, found records of about 100 cases, in 30 of which 


the organism was demonstrated post-mortem either mi 


ncroscopical| Ol 


culture. 


Cases of continued fever in some instances resembling typhoid 


phoid ive 


frequently been observed in the wake of gonorrhea, and gonococcu 


without demonstrable localization has been recognized as a clinical entit 
Thayer* in 1905 reported a non-fatal case of this kind in wl 


Fyonococcus Was isolated from the blood. Recent v Dieulafov® has reported 


* From the Memorial Institute for Infectious Diseases and the Presbyt« 
and Cook ( ounty Hospitals. 

1. Thayer and Blumer: Johns Hopkins Hosp. Bull., 1896, vii, No. 61 

2. Faure-Beaulieu: Thése de Paris, 1906 
3. Kiilbs: Wien. klin. Wehnschr., 1907, xx, 11 
4. Thayer: Am. Jour. Med. Sc., 1905, exxx, 751 


5. Dieulafoy Bull. de ’Aead. de méd., 1909, Ixi, 594 
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a case of gonococcus sepsis with recovery without demonstrable heart 
lesion in which the gonococcus was isolated repeatedly from the blood. 

Hewes,® Unger,’ Oro,’ and others have isolated the gonococcus from 
the blood during the course of gonococcus arthritis. 

When we consider the prevalence of gonococcus infection, with its 
attendant complicating involvement of the serous membranes, prominent 
among which are those of the heart and joints, it becomes evident that 
the gonococcus is one of the most frequent invaders of the circulating 
blood. 

Chief among the factors which have combined to render the demon- 
stration of the gonococcus in the blood relatively rare, compared with 
the frequency with which a bacteriemia is demonstrated by culture in 
typhoid fever and pneumonia, may be mentioned the difficulties in grow- 
ing the gonococcus, its relatively small numbers in the blood (judging 
from most of the cases in which it has been demonstrated), its probable 
sporadic occurrence in the blood from time to time in any given case 
(e. g., arthritis) and finally our failure to regard cases of metastatic 
gonococcus lesions as presenting a possibly demonstrable gonococcemia. In 
many cases of systemic gonococcus infection the diagnosis remains 
obscure, by reason of the clinical resemblance to other diseases, such 
as typhoid fever, acute rheumatic fever, malaria, or some of the other 
forms of sepsis, and it not uncommonly happens that only late in the 
course of the disease or at the post-mortem table is the true etiology 
discovered. 

It is the purpose of this paper to call attention to certain of the clin- 
ical features of gonococcemia, and to the value of blood cultures in the 
diagnosis, as illustrated by cases in the literature and by six cases which 


I have observed. 


CULTURAL METHODS FOR THE ISOLATION OF THE GONOCOCCUS 

The difficulty in growing the gonococcus in the laboratory has been 
remarked by all who have undertaken a serious study of it. Strains of 
the gonococcus, apparently vigorous, suddenly die out after two or three 
generations, despite all precautions. Other cultures may be maintained 
for long periods of time by repeated transfers on suitable media. Thus 
| was able to preserve two cultures through 176 generations for a period 
of two and one-half years. Laitinen® recovered the gonococcus from a 


3. Hewes: Boston Med. and Surg. Jour., 1894, xxxi, 515 
Unger: Deutsch. med. Wehnschr., 1901, xxvii, 894. 

8. Oro: Gior. internat. d. sc. med., 1902, p. 291. 

Laitinén: Zentralb. f. Bakteriol. u. Parasitenk., xxiii, 875 
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fluid culture sixty-one days old. It is not uncommon to find living 
ronococel in fluid cultures two weeks old. There is some difference of 
opinion as to the virulence of older cultures. Some strains undoubtedly 
lose their virulence, but in others virulence has been retained to a remark- 
able degree. 

The cultural requirements of the gonococcus are well known and 
need be given only passing mention. Briefly, they are proper conditions 
of (1) culture media, (2) temperature, and (3) moisture. 

The gonococcus usually grows only on the more highly albuminous 
media. In the cases reported in this paper the best results were obtained 
by the use of large tubes or flasks of ascites broth containing 30 to 100 
c.c., and of ascites blood-agar plates. The addition of 30 per cent. to 
50 per cent. ascites fluid favors the growth of the organism, supplying a 
highly albuminous medium, and in the case of the blood-agar plates, 
acting as a diluent for antibodies in the blood which may possibly exert 
an inhibitive influence on growth. The reaction of the agar and broth 
before the addition of the ascites fluid was 10 acid to phenolphthalein. 
Media containing glucose or glycerin, which have been recommended for 
the cultivation of the gonococcus, were employed at times, but their use 
gave results no better than those obtained with the usual media. 

In making blood-cultures 10 to 20 ¢c.c. of blood were withdrawn with 
the ordinary aseptic technic from the median ,.in of the arm and at 


once distributed among tubes of ascites broth and tubes of melted agar, 


to which ascites fluid had been added. Plates were poured and the cul- 


tures transferred at once to the thermostat. 

Growth appeared usually after forty-eight hours as small, grayish, 
raised, moist colonies. In fluid media the colonies could be seen some- 
times at the end of forty-eight hours, though occasionally three or four 
days were required before the small, round, whitish colonies became vis- 
ible in the otherwise clear medium. 

In maintaining stock strains of the gonococcus transfers were made 
at first at intervals of two or three days (later seven days), using tubes 
of blood-agar or ascites-agar. It has been noted by many workers that 
the older strains of the gonococcus become able to grow on plain ag 


ar 
and other ordinary laboratory media. In certain instances this chara 
teristic appears to be acquired in comparatively young cultures as early as 
the fifth or sixth generation. In the cases here described, however, the 
nability to grow on ordinary media was insisted on as one of the cri- 
teria for the identification of a culture as gonococcus. 

Of scarcely less importance than proper media for the growth of the 


gonococeus are favorable conditions of moisture and attention to this 
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point will obviate many failures in its cultivation. The gonococcus is 
extremely sensitive to the effects of loss of moisture and a freshly pre- 
pared medium with moist surface is requisite to good growth. The main- 
tenance of a moist atmosphere in the thermostat is of value, as are also 
the use of well-fitted Petri dishes, snugly stoppered tubes, and an abun- 
dant volume of ascites blood-agar mixture. 

Not only should the temperature of the thermostat be kept at as 
nearly 37 C. as possible, but care must be taken to avoid chilling of fluids 
or cultures containing the gonococcus in their transfer from the patient 
to the thermostat. Several workers have recently called attention to the 
susceptibility of gonococci, in body fluids, to even slight lowering of the 
temperature. This applies particularly to cultural work during the 
colder months, where the material must be transported some distance to 
the laboratory. It goes without saying that in pouring plates the melted 
agar should always be cooled at least below 40 C., the thermal death- 
point of the gonococcus being usually estimated at 41 to 42 C. 

These points in technic are all more or less elementary, but attention 
to them is essential to success in the cultivation of the gonococcus. It is 
the lack of optimum conditions of growth which no doubt has been 
responsible for the failure to detect the gonococcus in the blood in many 
cases in which, to judge from clinical manifestations, it was present. 


CHARACTERISTICS OF GONOCOCCUS LESIONS 


The relatively benign character of the lesions caused by the gonococcus 
is a matter of general clinical experience. Definite suppuration is rela- 
tively rare, considering the frequency of metastatic lesions. The involve- 
ment of serous membranes, particularly those of joints, tendon sheaths, 
burse, and the endocardium and pericardium, is a common observation ; 
periarticular and periosteal inflammation is by no means unusual and 
there is scarcely a tissue of the body which has not been found the site 
of gonococcus infection. 

In spite of its reputed benign character as regards suppuration, the 
gonococcus more than makes up in the chronicity of its lesions what it 
lacks in virulence, and is able to live for months and even years in some 
latent focus, and then, often without apparent exciting cause, to initiate 
a lesion in some distant portion of the body. Furthermore, the gonococ- 
cus not infrequently is accompanied or followed by other pyogenic organ- 
isms which hasten the fatal outcome of the pathologic processes already 
begun. 

The port of entry of the gonococcus is usually the genital tract, 


though general infection with accompanying arthritis has followed gono- 
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coceus ophthalmia. Metastatic lesions have been seen to follow simple 
anterior urethritis, and even balanitis, without urethritis (Macaigne and 
Finet), but as a rule the deeper tissues are involved before general infec- 
tion occurs. Posterior urethritis (Colombini, Ahlman), epididymitis 


( Bjelogolowsy, Prochaska), periurethral abscess, and prostatitis in men, 


Bartholinian abscess, and pyosalpinx in women are the usual antecedent 


lesions. Ullman’? in a discussion of gonococcus septicemia has called 
attention to the frequent involvement of the prostate and in several cases 


has demonstrated gonococci microscopically and by culture in thrombi 


from the prostatic and neighboring veins. Krause"! records the case of a 
gonorrheic woman who, following child-birth, suffered from bilateral 
pyosalpinx, arthritis, high fever, with leuco vtos s and enlarged spleen. 
The gonococcus Was isolated from the blood. Recover\ followed appro- 


priate gynecologic treatment. Gonococcus arthritis following delivery in 


previously infected cases is occasionally seen. 


GONOCOCCUS ARTHRITIS 


} 


The clinical picture of gonococcus arthritis is so well known that 
little need be said concerning it. In an ordinary case, following by a 
few days or weeks an initial urethritis or the lighting up of an old ure- 
thral infection, the joint involvement, with pain, tenderness, swelling 
and frequent effusion, the occasional involvement sometimes alone, or 
more often with others, of the sternoclavicular, temporomaxillary, sacro 
iliac and interspinal joints, the persistence of the lesion in the primarily 
involved joints, and the associated clinical symptoms, render the diag 
nosis obvious. An analysis of a large series of carefully observed cases 
will demonstrate that gonococcus arthritis is almost always polvarticular. 
Even in the chronic monarticular hydrarthrosis, careful attention to the 
history will frequently show a multiple initial joint involvement. 
Transient arthritis in several joints without pronounced swelling 


later persisting in one or more joints, is often seen. A review of the 
recorded cases of endocarditis and septicemia shows that, in about 80 per 
cent., arthritis of more or less pronounced degree occurred ear!) 
illness, and often was the first symptom complained of. Like 
tis, frequently only transient, may occur later in the cours 
carditis or septicemia. 

The joints of gonococeus arthritis in its more chronic forms ma 
exhibit but little tenderness, even at the onset, and the multiple deform 
ing arthritis of the small as well as the large joints, with relatively little 


10. Ullmann: Deutsch. Arch. f. klin. Med., 1901, Ixix, 309. 
ll. Krause: Berl. klin. Wehnschr., 1904, xli, 492 
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constitutional disturbance, may resemble to a remarkable degree the 
symptom complex known as arthritis deformans. Indeed, it has been 
suggested that the gonococcus is one of the chief members of a rather 
heterogeneous group of organisms concerned in the causation of arthri- 
tis deformans. Be this as it may, one occasionally sees arthritic processes 
of known gonococcus origin which are almost indistinguishable from 
those of rheumatoid arthritis. 

Bouchard,*? in a discussion of the etiology and pathology of spondy- 
litis deformans of the type described by Marie, advances evidence to show 
that in many of these cases there has occurred an antecedent gonorrhea. 
He recites the case of a man of 48, a sufferer from spondylitis deformans, 
in whom he was able to find no other causal agent except the gonococcus, 
which was demonstrated in the prostate thirty-seven years after the ini- 
tial infection. The evidence advanced, while not absolute, is still very 
suggestive. 

A history of preceding trauma obtained in cases of gonococcus arthri- 
tis may be misleading. ‘The occurrence of the arthritis and trauma may 
be sometimes a coincidence, inasmuch as the arthritis is most often found 
in certain joints, as the knee or ankle, particularly exposed to injury. 
More often, however, it is probable that an extremely mild gonococcemia 
is present, and the trauma produces a locus minoris resistenti@, which 
allows the development of the organisms in the tissues of the joint, with 
resulting symptoms. Diggelmann has called attention to the tendency 
of gonococcus arthritis to localize in the joints affected in an antecedent 
acute articular rheumatism. 

Associated with arthritis, other lesions, as periostitis of the os calcis, 
malleoli, etc., bursitis and tenosynovitis, are frequent, and may give a 
clue to the diagnosis in obscure cases. 

Examination of the joint fluid is of great importance and many 
times leads to the correct diagnosis in doubtful cases. The fluid is usually 
pale yellow, somewhat cloudy, and rapidly coagulates on standing. In 
hydrarthroses of long duration the fluid is often extremely gelatinous, 
passing through the aspirating needle with great difficulty. A cytologic 
study of the centrifuged fluid will show polynuclear leucocytes in con- 
siderable number, with large endothelial cells and very few mononuclear 
leucocytes. The excess of polynuclear cells may be of assistance in cer- 
tain instances in which the diagnosis lies between gonococcus and tuber- 
culous arthritis. In the early cases it is often possible to demonstrate 
gonococci, both in the leucocytes and lying free in the fluid, but the diffi- 


12. Bouchard, C.: Nature blennorrhagique du rheumatisme vertébral. Ztschr. 
f. klin. Med., 1907, lxii, 19. 
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culties of the search become progressively greater with the increase in 
duration of the arthritis. 

The proportion of cases in which the gonococcus can be obtained in 
cultures from the joint fluid is variously estimated at from 30 per cent. 


to 70 per cent. The more acute cases give the larger proportion of posi- 


tive results. Cultural methods will often succeed where microscopic 
examination has failed to show the gonococcus in joint fluids. 

The constitutional symptoms of fever, malaise, etc., in gonococcus 
arthritis vary greatly in degree from a slight indisposition with fever of 
99 to 100 F. to the most severe forms of septic or typhoid-like tempera- 
ture, with delirium, dry tongue, and rapid pulse. Moreover, the severity 
of the constitutional symptoms is by no means always proportional to the 
degree of joint involvement. ‘This observation is easily accounted fo 
when we consider that the arthritis may be merely the most striking inci- 
dent in the course of a general gonococcemia and that the symptoms are 
those of general sepsis. Such a case (Case 6) was observed in a young 
man, the subject of a moderately severe arthritis. Following a few hours 
of indisposition, his fever, which had previously ranged from 99 to 
100 F., suddenly rose with a chill to 103 F., and an extension of the 
arthritis to the right ankle occurred. Within twelve hours after the rise 
in temperature blood cultures were made, from which the gonococcus 
was isolated in pure culture. The organism was isolated also from the 
effusion in the ankle joint. In the course of a few days the fever sub- 
sided, the arthritis improved, and the patient left the hospital in one 
month, able to return to work. There was no evidence of heart lesion 
during the illness or convalescence. This case, and others (Oro, Unger), 
support the contention that the arthritis is but one manifestation of the 
bacteriemia which is present in the arthritic cases. 

Severe toxic symptoms, with high fever, etc., associated with arthritis 
of the knee, for instance, do not necessarily indicate that suppuration in 
the joint has occurred. I recently observed a case illustrating this point 
in a man with arthritis of the knee, from the effusion of which the 
gonococcus had been isolated. His fever began to rise, and within a few 
days he became profoundly ill. There was no other demonstrable focus 
of infection and the surgeon in charge, suspecting purulent arthritis, 
opened the joint. No pus was found. The fever continued and the 
joint was again opened, with similar result. After five weeks the fever 
subsided and the patient made a good recovery without demonstrable 
heart lesion. The gonococcus was not isolated from the blood, but there 
can be little doubt that in this case the general symptoms were due to 


gonococcemia. 
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GONOCOCCUS ENDOCARDITIS 


In addition to the many instances of ulcerative endocarditis of gono- 
coccus origin there is much clinical evidence to indicate that gonococcus 
infections of the heart valves may heal, with resulting valvular deformi- 
ties such as are found in the benign endocarditis following articular 
rheumatism. The appearance of a murmur in a previously normal heart, 
together with cardiac irritability without other apparent cause, develop- 
ing during the course of an infection by the gonococcus, and the occur- 
rence of the signs of valvular defects following gonorrhea, in previously 
normal subjects are points in favor of this view. Withington’ has 
recorded a non-fatal case in which the signs of progressive valvular defect 
and cardiac irritability developed in the course of a gonococcus infection 
in a previously normal individual, from whose blood the gonococcus was 
isolated. The evidence presented in this case argues strongly for the heal- 
ing of gonococcus endocarditis. Similar cases have been cited by Silves- 
trini, Loeb,’* Prochaska, and others. In a patient with a gonococcus 
infection in whom the signs of valvular lesion appear and then subside, 
without the development of the signs of ulcerative endocarditis, one 
should, however, be cautious in assuming that the lesion is of the so-called 
benign type, for the gonococcus, true to its characteristics elsewhere in 
the body, may persist in the cardiac vegetations and months later give 
rise to a frankly ulcerative process (See Case 1 of this series, to be 
referred to later). Then, too, there is always the possibility of a rein- 
fection of the damaged heart valves, either by ronococc! which enter the 
blood from some persistent focus elsewhere in the body or by other sec- 
ondary pyogenic organisms. 

There are approximately 120 cases of gonococcus ulcerative endo- 
carditis on record, in several of which pericarditis has been present. The 
clinical picture of the gonococcus form does not differ essentially from 
forms due to streptococcus and pneumococcus, except possibly in the 
frequency of lesions in the aortic valves. Kiilbs, in his analysis of 49 
well-authenticated cases in 37 men and 12 women, found the follow- 
ing proportion of valvular involvement: Aortic, 28 times; mitral, 8; 
pulmonic, 6; tricuspid, 1; aortic and mitral, 3; mitral and tricuspid, 1; 
aortic, tricuspid and mitral, 1; all valves, 1. The course may be rapidly 
fatal (Case 3) or may extend over months or years (Cases 1 and 2). In 
type, also, gonococcus endocarditis resembles the other forms, in that in 


some cases the mechanical valvular defect dominates the picture, in 


13. Withington: Boston Med. and Surg. Jour., 1904, cli, 99. 
14. Loeb: Deutsch, Arch. f. klin. Med., 1900, Ixv, 411. 
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others the febrile or septic features are the most prominent. Infarcts 
rarely become suppurative. Petechiw are apparently less frequentl) 
observed than in other forms. They were not observed in Cases 2 and 
of this series. They were present in large numbers in one of Thayer's 
cases, but are not mentioned in a number of cases in which the complete 
iven. 


histories are 


GONOCOCCUS SEPTICEMIA 

The term “gonococcus septicemia” is here used in a clinical sense to 
nclude the group of cases in which the symptoms of sepsis predominats 
without pronounced arthritis or demonstrable endocarditis. In all thre 
of the groups under discussion gonococcemia, either transient or persistent, 
is present, and the type of the disease is determined by the lesion whic! 
dominates the clinical picture. Faure-Beaulieu, in his review of 34 
cases in which the gonococcus was isolated from the blood, found only 3 
in which there was no localization in the joints or heart valves. To thes: 
may be added one of the cases of Dieulafoy already referred to These 
figures, however, by no means represent the relative frequency of the 
septic type of gonococcus infection. 

Padula and others have described a type of remittent fever in the 
subjects of uncomplicated gonorrhea, with enlarged spleen and other 
signs of mild general infection. These cases are not unusual in genera 
practice, but the illness is too frequently ascribed to the local lesion or 
to some assumed but undiscovered focus, rather than to the ronococcem ia 
which a careful blood examination may demonstrate. 


Other cases of relatively mild type of septicemia are observed in 


patients who in months or vears past have suffered from an arthritis 


which has healed or become quiescent. A young man (Case 1) presented 
the following suggestive sequence of events: Gonorrhea 10 years ago: 
recurrence eight years ago, with epididymitis and hydrocele; polyarthritis 
with effusion in the right knee six years ago; recurrence of gonorrhea 
five years ago, with no urethritis for four years; frequent recurrence of 
arthritis of knee, which at present is tender, with slight effusion ; for five 
months attacks of irregular fever at intervals of ten days, with occa 
sional chills and general malaise. On admission to the hospital during 
one of these accessions of fever of five days’ duration the case presented 
several points of difficulty in diagnosis. The continued fever during th 
early days of observation, together with the presence of several hyperemic 
maculo-papules on the abdomen, suggested a possible typhoid compli- 
cating a previously existing arthritis. The subsequent change in fever 
curve to that of an irregular type, the absence of later typhoid phenomena, 


the leucoevtosis, the failure of the agglutination reaction, together with 
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the absence of typhoid bacilli and the presence of gonococci in the blood, 
determined the diagnosis of gonococcus sepsis. On several occasions a 
mild arthritis of the smaller joints of the hands occurred. The fever 
subsided during the two months of hospital observation, but at the time 
of the patient’s discharge there was still an evening rise to 100 F. The 
general physical condition on leaving the hospital was fairly good, and 
there was no definite evidence of endocardial lesion. Twenty months 
later the patient reported that he had had frequent attacks of irregular 
fever and that he was now suffering from palpitation and dyspnea. The 
slow ravages of chronic gonococcus infection, with gonococcemia of prob- 
ably over two years’ duration, and a possible chronic ulcerative endocar- 
ditis are strikingly illustrated in this case. 

Still other cases of gonococcus sepsis run a severe and rapidly fatal 
course, with high fever and pulse, and delirium. A man (Case 5) addicted 
to the use of alcohol entered the hospital suffering from pain in many 
joints of two weeks’ duration, fever, and mild delirium. On admission 
urethritis was not observed, and a provisional diagnosis of acute articular 
rheumatism with alcoholism was made. The discovery of a slight ure- 
thritis, followed by the detection of the gonococcus in the blood, made 
the diagnosis clear. The fever curve was sustained (See Chart 5) without 
remissions and gradually rose toward death, which occurred on the twen- 
tieth day of the disease. Examination of the heart during life gave no 
evidence of endocardial lesion. A number of small, slightly raised, red- 
dish maculo-papules which partially faded on pressure, were seen over the 
abdomen. ‘These resembled petechia somewhat more closely than the 
roseola of typhoid. 

Another similar case (Case 4) was that of a woman in whom a pro- 
visional diagnosis of articular rheumatism was made. She entered the 
hospital on the fifth day of her illness, suffering from multiple arthritis 
involving the ankles, knees and wrists. A purulent arthritis and peri- 
arthritis of a finger-joint developed, in the pus of which the gonococcus 
was found in large numbers. The gonococcus was isolated in pure cul- 
ture from the pus and from the blood. The fever was of the continued 
type without remissions (Chart 4), with signs of profound sepsis, and 
death occurred thirteen days after the first symptoms were noted. 

More puzzling at times are the cases in which the clinical picture 
closely simulates that of typhoid fever. Dieulafoy (1909) recites the 
case of a man of 23 who had been sick for eight days, with headache, 
high fever and diarrhea. On the abdomen were a number of red hypere- 
mie papules resembling rose spots, the spleen was enlarged, and the 
patient presented a typical typhoid appearance. Sweating was profuse. 
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Agglutination tests with various strains of typhoid and paratyphoid 
bacilli were repeatedly negative. The gonococcus was isolated from the 
blood on several occasions, but no typhoid bacilli were found. The gono- 
coccus was found in the sputum also later in the illness. The fever 
curve was fairly typical of typhoid with defervescence on the fortieth 
day. Curiously enough, a few days later the patient suffered a second 
rise in temperature, which ran a typhoid-like course, and now typhoid 
bacilli were isolated from the blood, and characteristic agglutination 
phenomena obtained with the serum. 

Dieulafoy reports another case of arthritis with demonstrated gono- 
coccemia in which the fever curve was more irregular. In this instance 
also typhoid fever followed the gonococcemia. 

Malaria and pyemia due to other pus crganisms may be suggested by 
the marked oscillations of the fever curve in some cases of gonococcemia 
In one of Wynn’s cases’® abscesses over the right hip and in the calves of 
both legs were observed, in the pus from which gonococci in pure culture 
were obtained. The gonococcus was isolated from the blood before death. 
At autopsy, in addition to the multiple abscesses, recent endocardial 
vegetations were found without definite ulceration. In a second case 
Wynn observed multiple abscesses over the body, associated with gono- 
coccemia. 

OTHER COMPLICATIONS OF GONOCOCCEMIA 

Pericardium.—Pericarditis has been noted clinically in a number 
of cases (usually fatal) of gonococeus septicemia. It is often exuda- 
tive. Tyree,’* in a review of the post-mortem reports in cases of gono- 
coccus infection, finds the pericardium involved in 40 per cent., the 
lesions varying from a slight ecchymoses to serous, fibrinous, hemor- 
rhagic, or purulent exudates. 

Lungs and Pleura.—-Bressel"* has reported a case of gonococcus pneu- 
monia, beginning on the fifteenth day of a urethritis. Definite signs of 
consolidation were present in the lung, and gonococci were found in the 
expectoration as well as in the blood. Convalescence began on the eighth 
day of the pneumonia. Dieulafoy saw in his second case bilateral broncho- 
pneumonia in which the gonococci were isolated from the sputum. Al- 
though gonococcus pneumonia may occur, by far the larger proportion of 
pulmonary lesions are due to infarction, or to passive congestion from 
the increasing valvular defects of the endocarditis with which they are 
usually associated. 


15. Wynn: Lancet, London, 1905, i, 352. 
16. Tyree: International Clinics, series 18, ii. 
17. Bressel: Miinchen. med. Wehnschr., 1903, L, 56: 
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Pleurisy, often with effusion, is more frequent than pneumonia, and 
in several Instances the gonococcus has been isolated from the cloud, 
exudate. Prochaska deseribes a case in which the gonococcus was iso- 
lated from the blood and from the pleural effusion. 

Signs of fluid were made out in Case 3 of my series, but may have 
been due to failing heart action. ‘Two days before death this patient 
suffered severe pain in the chest with cough and bloody expectoration, 
n all probability marking the occurrence of infarction. Pleural friction 
without subseque nt effusion was noted in Case 1. 

Kidneys.—Albuminuria is often remarked in patients suffering from 
gonococeus infections. Excluding the many cases in which the albumin- 
uria results from an upward extension of the genital infection through 
the urethra, bladder, ureters and pelvis, there still remain a number of 
instances in which albuminuria and at times casts have been noted. 
Renal infarction and passive congestion are often seen in the endocarditic 
cases. \cut rena insuftic reney with anasarea has been observed 
(Thaver) and post-mortem, cloudy swelling with beginning interstitial 
changes have been found (Harris and Johnston, Wynn). Ahman noted 
a persistent albuminuria in a patient convalescent from gonococcemia, 
and there is considerable clinical evidence in favor of the view that gono- 
coccus infection may give rise to both acute and chronic forms of neph- 
ritis. 


Spleen Splenic enlargement is frequent in gonococcemia either as 


as is seen in other acute infections, or as the 


an acute splenitis su 
result of infarction. In gonococcemia of the typhoid type, the occurrence 
of splenic tumor should be borne in mind. In 42 cases of demonstrated 
gonococcemia, Including arthritic cases, the splee n is reported enlarged in 
15. Ina number no record as to this finding appears, and in 4 absence 
of enlargement was noted 

AUN The skin lesions of gonococcemia are of decided interest. Th. 
influence of various medicaments, such as the balsams which are held 
responsible for many of the rashes seen in acute genital infections, can 
usually be excluded in the cases with general infection. Diffuse ery- 
thema, erythema nodosum (Prochaska), erythema multiforme (Bar 
biani) and extensive purpura (Silvestrini, Achard) have been observed. 
Petechiw are occasionally seen in gonococcus endocarditis, though they 
are apparently less frequent than in cases due to other pyogenic organ 
Isms. A generalized petec hial eruption is recorded by Thayer. 

A hyperemic maculopapular rash resembling very closely the rose- 


spots of typhoid has been observed in 5 cases (Thayer (2), Dieulafoy, 


Cases 1 and 5 of this series). In one of Thayer’s cases the maculo- 
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papules were 5 to 6 mm. in diameter, red and surrounded by an area of 
hyperemia. The rash described by Dieulafoy consisted of hyperemic 
maculopapules, which were regarded as typical rose-spots until the other 
findings in the case excluded typhoid fever and determined the diagnosis 
of gonococcemia. ‘The rash in Case 1 consisted of a few hyperemic 
maculopapules, resembling rose-spots, and, taken with the continued 
fever, served to raise the question of the presence ot typhoid fever coilne) 
dent with some other infection. The rash in Case 5 was suggestive of 
typhoid roseola, but did not entirely disappear on pressure. 

ILerpes labialis has been observed by Lenhartz and by Thaver, and 
was present in Cases 1 and 4 of this series. 

Profuse sweating has been repeatedly noted, especially in the sever 
cases of endocarditis and s psis. 

Nervous System.—Organic lesions of the central nervous system have 
heen occasionally observed. Prochaska reports a case of purulent cerebro 
spinal meningitis in which the gonococcus was recovered in pure culture 
during life from the blood, and post-mortem from the purulent menin 


f the seminal vesicles. ‘Thrombosis 


geal exudate, and from pus in one ¢ 
of the periprostatic veins was also found, but no trace of infection re- 
mained in the urethra. There was no lesion found in the heart or lungs 
Fiirbinger’® also has reported a fatal case of cerebrospinal meningitis 
following acute gonorrhea. Cerebral embolism has occurred in gono- 
coccus endocarditis. Delirium and stupor are often observed in the 
severe toxemias of gonococcus infection. Multiple neuritis and other 
affections of the peripheral nerves have been described among the compli 
cations of gonococeus infections, but their exact etiology, whether toxi 
or due to actual invasion of the nerve sheaths by the gonococcus, has not 
heen determined in cases in which a gonococcemia has been culturally 
proven. 

Blood. In addition to the presence of the gonococcus either as a 
passive transient or oftener as a more or less persistent invader, the blood 
presents several features of interest in the study of gonococcemia. Poly 
morphonuclear leucocytosis is almost always pronounced. The relation 
of the eosinophilic leucoe ytes described in vonorrheal pus to the leuco 
evtic formula of the blood has been widely discussed. ‘The general con- 
sensus of opinion seems to be that in the case of the blood at least eosino 
phile determinations have no value in diagnosis or prognosis. 

Anemia is often a prominent symptom to general gonococcus infec 


tion, and gonococcus endocarditis in common with that due to other 


18. Fiirbinger: Deutsch. med. Wehnschr., 1896, xxii, 424 
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organisms may present a rapidly progressive diminution in erythrocytes 
and hemoglobin. 

Studies of the antibodies of the blood serum in gonococcus infection 
have so far yielded but little information which can be utilized clinically 
in diagnosis and treatment. Observations on the opsonic index in cases 
of arthritis and sepsis have in certain instances afforded valuable diag- 
nostic information, but in general the difficulties in technic and interpre- 
tation of results, peculiarly pronounced in the case of this organism, 
relegate the opsonins to a place of subsidiary diagnostic importance. 
Agglutinins and precipitins have been demonstrated in relatively high 
dilutions in the immune sera of animals, but these results have not yet 
been made available for use in clinical diagnosis. 

Other Organs and Tissues—The liver is but rarely involved directly 
in gonococcemia. Silvestrini (quoted by Faure-Beaulieu) saw an in- 
tense icterus in a case of gonococcus infection, in which he isolated the 
gonococcus from the blood. The icterus appeared on the eighth day of 
the general infection and persisted for several days. Passive congestion, 
cloudy swelling and fatty changes are the most frequent postmortem 
findings. 

Ocular lesions, including conjunctivitis, keratitis and iridocyclitis, 
have been noted, usually in association with other metastatic lesions. 
Faure-Beaulieu found 6 such ocular complications in 34 cases of gono- 
coecemia. 

Mild angina was present in two cases reported by Thayer, and was 
also found at the onset of illness in Case 1 of this series. 

Gonococcus lesions of the cellular tissue, tendons and muscles as a 
rule do not cause suppuration, but multiple abscesses, both subcutaneous 
and deep, have been described (Wynn) in which the gonococcus was the 
only organism present. 

Peritonitis, which usually develops by local extension from adjacent 
structures in the pelvis, may occur as part of a general gonococcemia. 
Dieulafoy refers to a case studied by Scherrer, in which purulent peri- 
tonitis was associated with a pleural effusion. Previous to his illness the 
patient, a soldier, had suffered from a mild gonorrhea of a few days’ 
duration. On his return from a march he was seized with chills, high 
fever and headache, followed by diarrhea and moderate dyspnea. The 
tentative diagnosis of typhoid fever was rendered more probable by the 


occurrence of sudden abdominal distention, tenderness on pressure and 
hiccough. On the day following the appearance of the signs of peritoni- 
tis the dyspnea became more pronounced and pleural effusion was de- 
tected. The patient died on the eighth day. At autopsy, purulent peri- 
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tonitis, pleurisy with effusion, and recent mitral endocarditis were found, 
and the gonococcus was isolated from the exudates and from the valvular 
vegetations. ‘There was no intestinal perforation or visible lesion of 
typhoid fever. 

In severe gonococcemia, emaciation is often a striking feature, due 
no doubt to the continued toxemia and the coincident anorexia. 

Diarrhea has been noted at the onset of several cases of gunococcemia. 


Glycosuria, probably symptomatic, was noted in Case 3. 
DIAGNOSIS 


Generalized gonococcus infection in its several clinical forms, such as 
the arthritic, endocarditie or septicemic, in which a history of preceding 
genital infection is cbtained, may present no special difficulty in diag- 
nosis. It often happens, however, that gonococcus infection is denied, 
and on examination no signs of urethritis are found. The disappearance 
of urethritis coincidently with the onset of chill, fever, and other symp 
toms of general infection has been frequently remarked by clinicians, 
and is a fact which should be always borne in mind in otherwise sus- 
picious cases. In the same connection, alcoholic excesses have frequently 
preceded the onset of general gonococcus infection in individuals sup- 
posedly cured of an antecedent gonorrhea. 

Gonococcus arthritis may simulate very closely acute articular rheu- 
matism. ‘The arthritis may subside rapidly in the joints first involved, 
thus suggesting the migratory arthritis of rheumatism, the resemblance 
to which may be further increased by the high irregular fever, occasional 
mild angina, leucocytosis, and absence of signs of urethritis. From a 
therapeutic standpoint, the amelioration of symptoms by the salicylates 
will not always serve to exclude gonococcus arthritis, for in certain 
instances the analgesic properties of these drugs are pronounced. 

In the chronic cases, still greater difficulties may be encountered. 
Monarticular gonococcus arthritis may resemble tuberculous arthritis. 
The absence of demonstrable tuberculous foci elsewhere, the history of an 
old gonorrhea, and of previous, perhaps transitory arthritis or periostitis, 
the leucocytosis, and the microscopic and cultural examination of 
the frequent effusions in the joint will assist in the diagnosis. Gono 
coccal inflammations of the articulations and interspinous ligaments 
of the vertebra may be extremely chronic and suggest a persistent lum- 
bago. The resemblance of chronic gonococcus arthritis to arthritis de- 
formans has been referred to by Bouchard and others. Exostoses, par- 


ticularly those of the os calcis, are frequently seen following gonococcus 
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infection. Baer'* has demonstrated the gonococcus in these lesions. The 
x-ray is of service in determining the location and extent of the bone 
changes. 

In the obscure acute cases of gonococcus arthritis, bacteriologic exami- 
nations of the exudates are of great value, and blood-cultures will at 
times assist in diagnosis by demonstrating the associated gonococcemia. 
In the more chronic arthritis, some information is to be gained by the 
reaction which follows the subcutaneous injection of a suspension of dead 
gonococe!.*” A rise in te mperature, Increase in leucor ytosis, and increase 
in pain and tenderness in the affected joints follows the injection in a 
large proportion of cases. 

Ulcerative endocarditis due to the gonococcus presents no constant 
features which will distinguish this form from those due to other organ- 
isms. Other foci of gonococcus infection and a preceding or coincident 
arthritis are suggestive, and often serve to render the diagnosis practi- 
cally certain. Careful and if necessary repeated blood cultures, however, 
are of the greatest importance in demonstrating the gonococcal nature of 
the endocarditis. 

Gonococcus septicemia presents more difficulties in diagnosis than 
the other forms of gonococcemia. Especially is this true of the typhoid 
type, in which the fever maw be continued with only slight remissions. 
and the patient may present the picture of severe toxemia with marked 
prostration, mental stupor and delirium. Enlargement of the spleen, a 
rash resembling rose-spots, and the diazo reaction of Ehrlich may add to 
the difficulty of earl) diagnosis. "The presence of leucocytosis, which is 
practically constant in gonococcus septicemia, the absence of the agglu- 
tination reaction, the complications of arthritis and pleurisy, and the 
occasional irregularities in the fever cure, will argue against typhoid 
fever. Herpes labialis is more frequent in gonococcus infections than in 
tvphoid fever. Finally cultures will demonstrate the presence of the 
eonococcus and the absence of the typhoid bacillus in the circulating 
blood. 


PROGNOSIS 


Taking into consideration the frequency with which the gonocoecus 
occurs as a transient invader of the blood in arthritis and other metas- 
tatic lesions, it must be admitted that the prognosis of the milder forms 
of gonocoecemia is relatively good so far as prolongation of life is con- 
Sey- 


cerned. The more severe cases of septicemia are frequently fatal. 


19. Baer: Surg. Gynec. and Obst., 1906, ii, 168. 
20. Irons: Jour. Infect. Dis., 1908, v, 618. 
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eral instances of recovery Irom severe gonococcus septicemia without 
demonstrable endocarditis have already been referred to, but in most of 
these th-*e are no data given as to the history of the patient in thx 
months and years following the period of observation. In some instances 
recovery was no doubt permanent, but there is always the possibility that 
in a certain number of cases the clinical recovery corresponded only to a 
period of inactivity of the infecting organism or of temporarily in 
creased resistance of the host. A case in point is that of the young man 
(Case 1) who gave a history of fever and other constitutional symptoms 
of general infection for five months preceding the finding of the gono- 
coccus in the blood. At this time there were no definite signs of endo 
carditis. Twenty months later (over two years from the onset of febrile 
attacks) he still was suffering from periods of fever, associated now 
with dyspnea and palpitation. 

A survey of the autopsies in fatal cases of sepsis and pyemia without 
symptoms of endocarditis shows that, in a surprisingly large proportion, 
endocarditis, either vegetative or ulcerative, was found. 

It is undoubtedly true that gonococcus endocarditis of the vegetative 
type may heal, leaving only the symptoms of valvular deformity similar 
to those following articular rheumatism. Recovery from the ulcerative 
form has also been reported (W ithington, Loeb). but most Cases of Fyono 
coccus ulcerative endocarditis are fatal, the course varying in time from 
a few weeks to many months. 


Case 1.—The patient, W. B., male, aged 28, married, clerk, entered Presby 
terian Hospital in the service of Dr. Herrick, Sept. 12, 1907. 

History.—Five days ago (September 7) the patient noticed a slight chilliness, 
followed by some fever. The following day the fever was somewhat higher, “the 
bones ached,” the throat felt sore, and in the evening emesis occurred. There was 
no headache or nose-bleed. September 11 there was pain in the left chest accom 
panied by dry cough. For five months (since April, 1907) the patient states that 
he has had attacks similar to the present at intervals of seven to ten days, chat 
acterized by afternoon fever and sensations of chilliness. In August, 1907, he had 
an attack which kept him from work for three days. Six years ago the right knee 
became painful, with effusion in the joint. At this time the right shoulder also 
was painful, and there was some fever present. At irregular intervals ever since 
the pain and swelling in the right knee have recurred. At present the knee is 
slightly tender but not more so than for the past few months. Eight years ago the 
right testicle was swollen. This was followed by hydrocele, which recurred two 
years ago. Gonorrhea ten years ago, with recurrences eight years and five years 
ago. For the past four years there has been no urethritis observed. Five years 
ago the patient had a soft chancre. Has had no rash, alopecia or adenopathy 
There is no history of typhoid or pneumonia, nor exposure to tuberculosis. No 
history of alcoholism. 


Examination.—The patient is a young man, rather slim, somewhat anemic, 
musculature flabby. Temperature 103 F., pulse 120, respirations 24. The tongue 
is moist, with white-coated center. The tonsils are moderately enlarged and 


hyperemic. VPharynx slightly hyperemic. Hearing is defective in both ears 
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(present since childhood). No cervical adenopathy. Over the left chest in the 
axillary line there is a faint friction, but otherwise the lungs show no changes. 
The heart outlines by percussion are normal; the heart tones are pure, no mur 
murs. The abdomen is normal in contour; there is no tenderness or rigidity. 
Several reddish maculopapules, which disappear on pressure, are seen on the ab- 
domen. The spleen is not palpable. The liver is not enlarged or tender. A mod- 
erate hydrocele is present on the right side. The right knee is slightly swollen, 
tender, and a small amount of fluid is present in the joint. The pupillary and 
tendon reflexes are normal. 

Urine: Clear, amber, acid, specific gravity 1025. Albumin, a trace; no 
sugar; few leucocytes, no casts nor blood. 

Blood: Reds, 5,160,000; whites, 21,200; hemoglobin, 75 per cent. (Dare). 
Blood cultures in broth show no growth after four days. Typhoid agglutination 
reaction negative. 

Cultures from the tonsils show a few colonies of the pneumococcus. 

Course of Disease—September 18: Herpes on upper lip. The second inter- 
phalangeal joint of the right index finger is slightly swollen and very tender. 
The temperature (see Chart 1) ranges between 100 F. and 103 F. Pulse 80 to 
100. Blood-cultures in bouillon negative. 

September 20: Interphalangeal joint of left index-finger acutely tender with 
slight redness. The swelling in the right knee has subsided. 

September 21: Blood-cultures in bouillon flasks negative. Leucocytes, 21,200. 
No plasmodia of malaria found in the blood. A stained specimen of the urinary 
sediment after centrifugalization shows a few leucocytes and Gram-negative cocci, 
but no intracellular organisms. Pain in the left shoulder. Examination of heart 
shows no murmurs or other signs of lesion. Lungs negative. The fever continues 
with irregular rises from 100 F. to 103 F., with occasional profuse sweats. The 
genera! condition of the patient is about the same as on admission. The mind is 
clear and alert. 

October 16: The general condition of the patient is somewhat better. Tem- 
perature averages somewhat lower. The right index-finger remains swollen and 
tender. The right knee is again tender, and there is evidence of some fluid in the 
joint. Three toes of right foot are tender, and show slight redness and swelling. 
Salicylates in the form of aspirin in doses of 40 grains per day have produced 
no apparent improvement. Potassium iodid in doses of 30 grains per day has 
been tried, without benefit. 

Blood-cultures using ascites bouillon and ascites blood-agar plates after three 
days show a number of small grayish translucent colonies, identified later as 
gonococcus. Leucocytes, 27,000; hemoglobin, 65 per cent. (Dare). 

Following the isolation of the gonococcus from the blood, the patient was 
given gonococcus vaccines (stock) in doses of 500 million at intervals of four to 
five days. In all, five injections were given from October 22 to November 10. 
The temperature curve which had shown a daily oscillation from normal in the 
morning to 103 to 104 F. in the evening became gradually lower until the evening 
temperature was only 100 F. or sometimes lower. 

The patient left the hospital November 13. At this time his general condition 
was better. There was no tenderness or swelling in any of the joints with the 
exception of the right index-finger, the affected joint of which was stiff and 
slightly enlarged. A faint systolic murmur was heard at the apex of the heart, 
and over the third left interspace; the other sounds were normal. The appetite 
was good. There was still a slight evening rise in temperature. 

In July, 1909, in response to a letter, the patient stated that since leaving the 
hospital in 1907 he has had periods of irregular fever, and that during the past 
few months he has suffered considerably from palpitation of the heart and some 
dyspnea. 
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Summary In reviewing the notes of this case, the clinical picture is seen to 
be that of an exceedingly chronic type of gonococcus infection, from the initial 
urethritis ten years previously, with relapses or possibly reinfections later, hydro- 
cele and arthritis of recurring type, attacks of irregular fever with occasional 
chills, and finally a more severe attack of continued fever, arthritis, leucocytosis 
and demonstrated gonococcemia. Doubtless the gonocoecus could have been dem 
onstrated in the blood much earlier had proper media been employed. 

During the early days of observation the case presented several points of dif- 
ficulty in diagnosis in spite of the evident réle which the gonococcus had played 
in the previous history. The continued fever, with relatively slight remissions, 
together with the abdominal maculopapules, some of which at least could not be 
distinguished from rose-spots, suggested the possibility of typhoid complicating 
some Other infection. Signs of dry pleurisy were noted at the onset. 

Acute articular rheumatism, tuberculosis and, later, ulcerative endocarditis 
of possibly pheumococcus OT streptococcus origin were considered. 





Chart 2.—Temperature in Case 2, gonocoeccus endocarditis. 


During the period of observation in the hospital the patient presented no 
definite evidence of endocardial lesion. The subsequent history of cardiac dif 
ficulty and irregular fever almost two years later suggest very strongly the pres 
ence of an ulcerative gonococcus endocarditis which may well have had its origin 
at the time of hospital observation, or possibly months before. 

The value of vaccines in the case is problematical. The gradual fall of tem- 
perature and improvement in the joints which followed the use of vaccines with 
out other medication, may have occurred coincidently, and not as a result of the 
therapy. 

Case 2.—The patient, P. D., male, aged 23, single, machinist, entered the Pres 
byterian Hospital in the service of Dr. Herrick, Aug. 19, 1908. The patient 
walked into the hospital, suffering from dyspnea, palpitation, gastric disturbance 
and general weakness. 

Past History.—The patient had the usual diseases of childhood; no typhoid or 
ain eighteen months ago; no 





pneumonia. He had gonorrhea two years ago and a 


arthritis. The first symptom of illness appeared in January, 1908, when the 
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patient began to feel) weak and experienced some shortness of breath and pulsa 
tion in the vessels of the neck after slight exertion. About this time he had a 
severe chill followed by profuse sweating, but went to work next day as usual. 
On several occasions during January he had severe pain in the region of the heart 
and thinks he had some fever. In February he had a severe pain beneath the left 
costal arch, radiating to the back and shoulde1 \t intervals he has had attacks 
of anorexia, nausea and vomiting lasting several days at a time. For the past 
six weeks the patient has been unable to work on account of shortness of breath, 
palpitation and weakness. Nausea and vomiting have occurred at intervals. 
Fever has been present at irregular intervals 

Examination.—The patient is a medium-sized, well-built young man; nutrition 
fairly good, musculature flabby. He lies in bed half-reclining, breathing rapidly 
and with some difficulty. The lips are of good color; there is marked pulsation 
in the carotids. Otherwise the head and neck present no abnormalities. A few 
moist and fine piping rales are heard over the lungs posteriorly. The cardiac im 
pulse is strong and heaving, the apex-beat diffuse, and the area of cardiac dulness 
increased both to the left and to the right of the sternum. A systolic blowing 
murmur is heard at the apex transmitted toward the axilla and over the entire 
precordium. There is also a faint presystolic rumble, heard best at the apex and 
over the third left interspace. A diastolic murmur is heard over the base, best in 
the aortic area, but also over the upper precordium, posteriorly in the left scapu 
lar region, in the left axilla, and in the vessels of the neck. The radial pulse is 
quick, strong and collapsing. The quick pulse is easily felt and seen in the finger 
tips. Capillary pulsation is easily observed over the forehead, lips, ete. The 
double murmur of Douroziez is heard over both femorals. Blood-pressure systolic 
right arm 132 mm. Hg., left arm 126 mm. Hg. (Stanton). The spleen is palpable 
and definitely enlarged. The liver does not extend below the costal arch. The 
abdomen is otherwise negative. There is no edema of the extremities. The re- 
flexes are normal. The genitalia show no abnormalities. There is no urethral 
discharge. The prostate is enlarged and slightly tender. On pressure over the 
prostate a few drops of clear fluid escape from the urethra. Careful search re 
veals no petechie or other skin lesion. 

Urine: Clear, amber, acid; specific gravity, 1026 Total in twenty-four 
hours, 700 ¢.c. <A faint trace of albumin; no sugar; no casts; no blood, a few 
leucocytes. 

Blood: Hemoglobin, 75 per cent.; leucocytes, 9.500 The te mperature curve 
Chart 2) was irregular, sometimes reaching normal, then rising in a few hours 
to 102 F 

Course of Disease.—August 22: Blood-cultures made, using blood-agar plates 
to which 0.5 to 1 ¢.c. of blood is added. In forty-eight hours four or five grayish 
moist raised colonies are visible on each plate. This organism was subsequently 
identified as the gonococcus. From the prostatic fluid, cultures of the colon bacil 
lus, not no gonococci were obtained. 

August 26: Gonococcus vaccine (500 million killed organisms) injected sub 
cutaneously in left arm. 

August 27: An area 2 cm. in diameter at the site of puncture in left arm is 
red, swollen and tender (a typical reaction seen when gonococcus vaccine is in 
jected into the subject of a gonococcus infection 

September 2: A second injection of gonococcus vaccine (100 million dead 
gonococci) prepared from culture obtained from the blood of the patient given 

September 3: For the past two days the patient says he has felt tingling sen 
sations in the left foot and leg. The pronounced pulsation is no longer felt in 
the felt femoral artery; right femoral shows no change. The temperature of the 
two feet is apparently the same. 
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September 4 lingling sensations continue in the left foot. There is no 
pulsation in the left posterior tibial, dorsalis pedis, or popliteal arteries. In the 
left femoral artery near Poupart’s ligament, pulsation is faint, and delayed as 
compared with the opposite side. Patient complains of dyspnea and slight cough 


No expectoration. 
September 6: Subcutaneous injection of autogenous gonococcus vaccine (100 t 
million). Leucocytes, 10,250; hemoglobin, 80 per cent. (Talquist). 
September 11: Subcutaneous injection of autogenous vaccine (100 million) 
September 14: Blood: Reds, 4,720,000; whites, 10,550; hemoglobin, 79 per 


cent. (Dare). Urine: Specific gravity, 1022; acid, clear, yellow. No albumin; 
no sugar; a few leucocytes in the centrifuged sediment. The temperature of the 
feet is apparently the same. The pain in the left foot has ceased. Vascular phe 





nomena as before. 
September 15: Patient insists on going home. 
Death occurred two days later. No autopsy. 
Summary.—tThe history of illness extending over a period of eight months at ' 

least, characterized by gradually increasing palpitation, dyspnea, irregular fever 

and chills, the physical signs of a progressive lesion of the aortic valve, enlarged 

spleen, and the absence of other foci of suppuration suffice for the diagnosis of 

ulcerative endocarditis involving the aortic valve. The history of a preceding 
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Chart 3.—Temperature and results of blood examination in Case 3, gonococcus 
endocarditis (acute). 
suggestive of the nature of the infection. The isolation of the gonococcus in pure : 
culture from the circulating blood demonstrates the true character of the infec 





tion. The partial obstruction of the left iliac artery was probably due to throm 
bosis. The use of autogenous vaccines in this case was not followed by any ob 
servable benefit. The leucocyte counts are lower than those usually found in 
gonoccus infections 

CASE 3.—The patient, C. O., male, aged 24, married, clerk, was admitted to the 
Presbyterian Hospital Dec. 2, 1908. The patient consulted Dr. B. W. Sippy (to 
whom I am indebted for the privilege of observing and reporting the case), suf 
fering from glycosuria, which was believed to account for his general weakness 
and loss of weight during the previous six weeks. The appetite was poor, polyuria 
was not pronounced, and the glycosuria had been discovered by the patient’s physi- 
cian in the course of a routine examination. The marked prostration, dyspnea 
and anemia suggested some cause underlying the glycosuria, and the patient was 
sent to the hospital for observation. The following history was obtained: 

History.—Six weeks ago the patient had a severe chill, followed next day by 
pain in the shoulders and hips. On the third day there was pain in the right 
knee. There was no sore throat, cough nor pulmonary difficulty. Antirheumatic 
treatment was instituted, and two weeks later the patient returned to his work. 
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During the past four weeks he has suffered very little joint pain, but on several 
occasions has had chilly sensations. Loss of appetite, general weakness and 
dyspnea on exertion have been the most prominent symptoms. Three weeks ago 
he had an attack of severe colicky pain in the abdomen, accompanied by diarrhea 
for two days. One week before the initial chill the patient contracted gonorrhea. 
The discharge suddenly ceased at the time of the chill and has not appeared since. 
There was nothing further of importance in the previous or family history. 

Examination.—The patient is a young man, markedly anemic, and weak. The 
skin is moist. Aside from the anemia, nothing abnormal is noted in the head and 
neck. There is no herpes. The outlines of the heart by percussion are normal 
The apex impulse is felt in the fifth interspace in the mid-clavicular line. A sys: 
tolic murmur is heard at the apex. The second sound in the pulmonic area is ac- 
centuated. The heart action is rapid, but regular. The lungs present no ab- 
normal physical signs. The liver, spleen and kidneys are not palpable. No ab- 
dominal tenderness. None of the joints show any tenderness, redness or swelling. 
No petechia are present. Temperature on admission 98.2 F., rising four hours 
later to 102 (12 p. m.). 

Blood: Red cells, 3,728,000; leucocytes, 15,300; hemoglobin, 64 per cent. 
(Dare). No Plasmodia malaria found. 

Urine: Pale yellow, acid, specific gravity 1036, 1700 ¢.c. in twenty-hour 
hours. No albumin; sugar 4.6 per cent. (titration)—78 grams in twenty-four 
hours. Trace of acetone. No diacetic acid. A few leucocytes are present in the 
centrifuged specimen; no casts or red cells. Agglutination test for typhoid en 
tirely negative in one hour at dilution 1 to 40. 

Blood cultures in bouillon show no growth after four days. 

Course of Disease-—December 4: Tenderness over left hypothenar eminence 
No redness or swelling. The temperature is irregular, ranging from 99 F. to 103 
F. (Chart 3). Severe chill and sweat last night. Urine: 1,000 c.c. in twenty-four 
hours; specific gravity, 1020; sugar, 1.6 per cent. = 16 grams in twenty-four 
hours. Blood-cultures on ascites blood-agar plates after forty-eight hours show a 
few small grayish colonies, which morphologically, on staining, and by cultural 
methods later are proved to be typical gonococcus. 

December 8: Dull pain in right shoulder, lasting one hour. No swelling. The 
spleen is palpable to-day for the first time. The systolic murmur at the apex is 
heard more plainly, transmitted to the left as far as the axilla. No diastolic 
gravity, 1022. Sugar, 1.6 per cent. = 14.4 grams in twenty-four hours. Blood 
leucocytes, 18,500; hemoglobin, 60 per cent. (Dare). Blood-cultures again show 


murmur is heard. Lungs negative. Urine: 900 c.c. in twenty-four hours; specific 


the gonococcus in small numbers (2 to 3 colonies per cubic centimeter of blood 
December 11: Chill to-day and yesterday. 
December 12: Vaccine (100 million) prepared from organism isolated fron 


the blood, given hypodermically. Tongue dry and furrowed. 
December 13: Signs of small amount of fluid in left chest. The patient is 


failing rapidly. Dyspnea increasing. Temperature septic in type. Leucocytes, 
21,200; hemoglobin, 58 per cent. (Dare). Urine (760 ¢.c. in twenty-four hours) 
shows small amount of sugar. 

December 16: Severe pain in chest, with cough, and bloody expectoration 
Patient unconscious. Pulse rapid {120 per minute), weak and irregular. 

December 18: Death. No autopsy. 

Summary.—One week after the onset of gonorrhea a young man suffers a 
severe chill, followed by pain in several joints. The joint symptoms subside, but 
the chilly sensations and fever recur irregularly, with gradually increasing weak 
ness, dyspnea and loss of weight. Glycosuria without polyphagia or marked 


polyuria is found, and the patient is brought to the consultant. The history, 
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weakness. fever, chills and anemia suggest a septic process, and the gonococcus 
is isolated from the blood. The gradually changing endocardial murmur, together 
with other signs of cardiac involvement, leave but little doubt that acute ulcer- 
ative endocarditis is also present. 

Case 4.—The patient, M. R., aged 37, widow, cook, was admitted to Cook 
County Hospital Feb. 8, 1909. Diagnosis on admission, acute rheumatic fever.” 

History.—Five days ago the patient was awakened by pain in the ankles. 
Within a few hours the knees and wrists became swollen and painful. The joint 
trouble has become gradually worse, associated with fever, malaise and slight 
dyspnea. No sore throat. There was no history of any previous severe illness; 
no rheumatism. The patient has had four children; no miscarriages. For some 
months the patient has suffered from a profuse greenish-yellow vaginal discharge. 
Uses alcohol to excess, chiefly in the form of beer. 

Examination.—The patient is a well-nourished white woman; of fair mental- 
ity; restless, movements tremulous, suggestive of alcoholism. Venules of cheeks 
and nose are prominent. The right pupil is slightly larger than the left, but 
both react normally to light and accommodation. Herpes is present on the lips. 
No cyanosis. Tongue tremulous, dry, with raised red central portion. The glands 





Chart 4.—Temperature in Case 4, gonococcus sepsis with purulent arthritis. 


of the neck are not enlarged, nor is there any rigidity of the neck. A few moist 
riles are heard over the bases of both lungs posteriorly, but otherwise nothing of 
note is made out. The heart, as outlined by percussion, is apparently normal in 
size. A faint systolic murmur is heard over the second and third interspaces to 
the left of the sternum. Otherwise the heart tones are normal. No arrhythmia. 
The abdominal wall is thick, but there is no rigidity or tenderness. The liver 
extends 3 centimeters below the costal arch. The spleen is not palpable. A 
vaginal examination shows a profuse greenish-yellow discharge. There is some 
atresia of the vagina just below the level of the cervix, but there is no tenderness 
or palpable tumor mass. A rectal examination shows nothing abnormal. There 
are no enlarged glands or hemorrhoids. The ankles, right knee and wrists are 
swollen and tender, as are also the proximal and distal phalangeal joints of the 
right index-finger. The patellar reflex is rather sharp. No Babinski. The urine 
is cloudy, specific gravity 1015, acid, contains a trace of albumin; no sugar. 
Microscopically, pus cells but no casts. Leucocytes, 40,000 per cm. Examination 
of the vaginal discharge shows many intracellular diplococci. 

Course of Disease—February 12: Blood-cultures made in plain bouillon 
showed no growth after four days 

February 13: ‘The distal phalangeal joint of the right index-finger is red, 
swollen and tender. The joint is incised and several cubic centimeters of thick 
fibrino-purulent fluid escape. Cover glass preparations of the pus show many 





21. I am indebted to Dr. Lounsbury, under whose immediate care this patient 


was, for his notes on the case 
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Gram-negative diplococei, both intracellular and extracellular. Cultures on plain 
agar show no growth after four days. Cultures on human blood-agar show a few 
colonies after two days, identified later as gonococcus. 

February 14: Slight rigidity of the neck. Lumbar puncture made and 13 c.c 
of clear fluid under normal pressure withdrawn. Microscopic examination of the 
centrifuged fluid shows no abnormal cells, and no micro-organisms. The purulent 
discharge from finger-joint opened yesterday continues. ‘The infection involves 
the periarticular structure as well as the joint proper. Many intracellular dip 
lococci present in the pus. The arthritis of the ankles and knee has subsided 


almost entirely. There is distinct crepitus but no swelling or redness in both 
wrist-joints. 

February 15: Patient is decidedly worse; delirious, with gradually rising 
temperature (Chart 4). Blood-cultures (ascites blood-agar and ascites bouillon 
made. The gonococcus was isolated in pure culture from these cultures. 

Death occurred February 16, thirteen days after the onset. Autopsy refused 

Summary.—A woman, 37 years of age, an alcoholic, who for some time has 


suffered from a genital gonococcus infection, is taken suddenly ill with multiple 
arthritis, fever and symptoms of severe infection, clinically not unlike acute 
articular rheumatism. Aside from a faint systolic murmur (possibly hemic 
there is no definite evidence of endocarditis or pericarditis. The fever from the 
fifth day (entrance to the hospital) ranges between 101 F. and 103 F., later grad 
ually rising to 106 F. at death. A leucocytosis of 40,000 is present. The gono 
coccus is isolated in pure culture from a purulent arthritis and periarthritis of 
the finger, and from the blood during life. 

CASE 5.—The patient, P. G., male, aged 39, single, laborer. Entered Cook 
County Hospital Feb. 12, 1909, suffering from fever, pain and swelling in many 
joints and a mild delirium. On admission a diagnosis of acute rheumatic fever 
was made. 

History.—At the onset of illness two weeks previously, the patient had first 
noticed pain in several joints accompanied by fever and malaise. His condition 
had gradually become worse until entrance to the hospital. He had suffered from 
no other serious illness; had used alcohol to excess, but had not been drinking for 
several weeks previous to the onset of the present trouble. Further history could 
not be obtained on account of the confused mental state of the patient. 

Examination.—The patient is a well-developed, well-nourished white man; 
talks irrationally and is very restless. There is a yellowish purulent discharge 
from the left eye. The lips are dry and tremulous, teeth bad, tongue dry and 
covered with a thick gray coating. The lungs show nothing abnormal. The heart 
dulness is normal, the apex beat somewhat diffuse and cannot be definitely local 
ized. The heart sounds are pure, no murmurs. Pulse rapid, low tension; vessel 
wall soft and pliable. Spleen and liver not palpable. No abdominal tenderness 
Over the abdomen and lower portion of the chest there are a number of small red 
dish areas about 2 to 3 mm. in diameter which fade only partially on pressure 
A slight purulent urethritis is present. The right knee and ankle are reddened 
swollen and somewhat tender. Signs of fluid in the knee-joint Examination 
otherwise negative. Microscopic examination of the urethral discharge shows in 
tracellular Gram-negative diplococci typical of the gonococcus in appearance 
Examination of the discharge from the eye shows diplococci, with very few leu 
cocytes. The fluid aspirated from the knee joint is yellow, turbid and contains 
many leucocytes and a few cocci. Cultures from the fluid gave no growth, 
although care was taken to provide conditions of media and temperature favor 
able to the gonococcus. Leucocytes, 22,150 per cm. Examination of the urine 
shows a trace of albumin and a number of pus cells. The temperature (Chart 5) 
was usually about 103 F. with occasional remissions, never falling below 101 F 
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There were no definite chills, but some sweating. The general appearance of the 
patient was that of moderately severe sepsis. The associated urethritis and 
arthritis suggested the possibility of a general infection by the gonococcus. 

Course of Disease.—Blood-cultures taken on February 15 showed the gonococ- 
cus in pure culture (2 to 3 colonies per c.c. of blood). Death occurred February 
16. No autopsy allowed. 

Summary.—A man 39 years of age, alcoholic, the subject of chronic gonococcus 
urethritis, suddenly suffers from multiple arthritis, fever and symptoms of severe 
infection. Careful and repeated examinations of the heart show no definite evi- 
dence of endocarditis. Over the abdomen and lower chest are a number of small 
slightly raised reddish maculopapules which partially fade on pressure. There 
is a leucocytosis of 21,000. The gonococcus is isolated from the blood in numbers 
of 2 to 3 colonies per cubic centimeter of blood. The fever curve is sustained, with 
only slight remissions. The pulse in the third week of the illness is rapid. Aside 
from the laboratory findings and the arthritis of the knee, the clinical course, ap- 
pearance of the patient, rash and temperature curve are somewhat suggestive of 
typhoid fever. 

Case 6.—The patient, J. MeN., male, aged 22, single, laborer, was admitted to 
Cook County Hospital Nov. 23, 1907. Diagnosis on admission, chronic gonorrhea 
and gonococcus arthritis. 





Chart 5.—Temperature in Case 5, multiple gonococcus arthritis, with fatal 


sepsis. 


History.—Four years ago the patient contracted gonorrhea from which he re 
covered in two months without complications; suffered from a recurrence of 
urethritis two years ago without arthritis. In August, 1907, a third attack of 
urethritis was followed in one week by a mild arthritis involving both ankles, 
knees, wrists and several joints of the cervical spine in rapid succession. The 
arthritis improved rapidly and the patient returned to work in a few days. A 
week before admission the arthritis recurred in the cervical spine, left ankle and 
in both knees and wrists. The heels also had become very tender. 

Examination.—The patient is a well-nourished, well-developed young man. 
Aside from the pain of the affected joints, he does not appear very sick. A care 
ful physical examination reveals nothing of note except the multiple arthritis, 
purulent urethritis, and a somewhat enlarged tender prostate. The heart is nor 
mal in size and the tones are normal. Several of the small joints in the hands 
and fingers are tender, swollen and slightly reddened. The left knee is tender, 
with considerable swelling, due both to periarticular infiltration and to a mod- 
erate joint effusion. Both ankles are slightly swollen and tender. There is also 
involvement to a less degree of the lower thoracie spine, and the dorsum of the 
right foot. 

Course of Disease-——Shortly after admission to the hospital the patient suf- 


fered from a sudden exacerbation of symptoms. The fever which had previously 
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reached 100 to 100.5 F. in the morning, rose to 101 and 102 F. The right ankle 
became more acutely swollen, red and excessively tender; signs of fluid were 
found During this exacerbation, blood cultures were made, and the gonococcus 
isolated in pure culture. No other organisms were found. Cultures from the 
fluid aspirated from the ankle showed colonies of typical gonococci. The patient 
remained in the hospital for one month, during which time he improved steadily, 
and at the time of his discharge the affected joints were practically normal 
rhere were no contractures. Repeated examinations of the heart revealed no 
signs of endocardial lesion, either during the acute illness or during convalescence 

Summary.—During an exacerbation in the course of gonococcus arthritis in a 
young man, the gonococcus is isolated from the blood and from the joint fluid in 
pure culture. There is no clinical evidence during the entire course of the illness 
of any endocardial lesion 


103 State Street. 











TUBERCLE BACILLI IN THE BLOOD 


WILBUR A. SAWYER, M.D 
BERKELEY, CAI 


1 


In February, 1909, Rosenberger’ published his any suncement of the 
finding of tubercle bacilli in the blood of every one of 125 tuberculous 
patients examined. Previous to that time the prevailing opinion had been 
that only occasionally in cases of so-called localized tuberculosis? did 
bacilli escape into the blood-stream. It had been supposed that in the 
miliary form alone was the number of organisms sufficient to give any 
promise of detection, and that even in these cases the search was apt to be 
futile. The description by Landouzy* of typho-bacillose, a stage of tuber- 
culosis which precedes the formation of localized lesions and which is sup- 


posed by him to be a septicemia, had added interest to this subject. 

After unsuccessful attempts to confirm Rosenberger’s findings in a 
search of the blood of human beings, I undertook, in conjunction with 
C. M. Haring, D.V.M., Assistant Professor of Veterinary Science in the 
University of California, the systematic examination of the blood of 
tuberculous cattle. The work was done under the Department of Agri- 
culture of the University of California. The investigation has a bearing 
on meat-inspection, for the blood-containing muscle of cattle with “local- 
ized” tuberculosis is now considered to be fit for food and is passed by the 
government inspectors. 

Since this work was begun various reports have appeared, of which 
some confirm Rosenberger’s work while some radically differ from it. 
Tubercle bacilli have frequently been found in the blood by Forsyth* and 
by Petty and Mendenhall.’ Rosenberger has reported subsequent posi 
tive blood-findings, bringing his total to 300 cases, and has concluded 
that tubercle bacilli may exist free in the blood of even apparently healthy 


l. Rosenberger, R. ( Ihe Presence of Tubercle Bacilli in the Circulating 
Blood in Tuberculosis Am. Jour. Med. Se., 1909, exxxvii, 267 

2. Pearce, R. M Osler’s Modern Medicine, 1907, ii, 657 

3. Landouzy, L rr. Sixth Internat. Cong. on Tuberculosis, 1908, i, part 2 
p. 581. 

4. Forsyth, C. E. P Occurrence of Tubercle Bacilli in the Blood in ‘Tuber 
culosis. Brit. Med. Jour., April 24, 1909 

5. Petty, O. H., and Mendenhall, A. M lubercle Bacilli in the Blood. Jour 


Am. Med. Assn., 1909, liii, 867 
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individuals.* Failures to find the bacilli have been reported by Ravens 
and Smith,’ Burnham and Lyons,* and Dailey.® Schroeder and Cotton 
have announced negative results in their search in the blood of cattle 

An isolated herd of 51 cattle at the University Farm at Davis, Ca 
was available for study. In the herd were 42 3-year-old steers and cows 
Of these, 22 had been twice inoculated intravenously, when young calves, 
with attenuated cultures of tubercle bacilli. Of the 42 animals, 12 (3 of 
the inoculated animals and 9 of the others) gave decided tuberculin rea 
tions. These were selected to form Group B of this investigation. With 
the young sto k were 9 old tuberculous cows which had been added to the 
herd to test the susceptibility of the others to tuberculosis. These old 
animals, most of them in advanced stages of the disease, constituted 
Group A. 

The method of examination was essentially taken from Rosenberge 
The search of the sediment from laked and centrifugalized blood was 
added for control and comparison. All glassware (test-tubes, pipettes, 
syringes, centrifuge tubes, slides, cover-slips, jars) were cleaned with hot 
washing-powder solution and then subjected for half an hour or more to 
concentrated nitric acid. The needles were cleaned with soap and water, 
syringed out in concentrated caustic soda solution, and finally boiled for 
ten minutes in the Jatter. The distilled water and the citrate-chlorid 
solution were examined microscopically and found to be free from organ- 
isms. (Attention has recently been called by Brem" to the ability of 
distilled water to contamination with acid-fast bacilli.) Test-tubes eacl 
containing 5 c.c. of 2 per cent. sodium citrate and 0.6 per cent. sodium 
chlorid solution were covered with larger test-tubes, inverted. instead of 
being closed with the usual cotton plugs. ‘Tubes containing the syringes, 
needles and solution were placed in a covered jar, sterilized, and carried 
unopened to the field. The animal to be bled was thrown, and its neck 


} 
' 


was shaved and scrubbed. Through a needle introduced into the jugular 


6. Rosenberger, R. ¢ Presence of the Tubercle Bacillus in the Circulating 
Blood. New York Med. Jour., 1909, Ixxxix, 1250 
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vein 5 c.c. of blood were withdrawn, added to 5 c.c. of the citrate-chlorid 
solution, and shaken. Then 5 c.c. more of blood were withdrawn and 
added to another tube of solution, in order that more sediment might be 
obtained for inoculation into a guinea-pig. In this way the probability 
of infection was supposed to be increased. The tubes of blood-mixture 
were placed in the refrigerator from twenty-four to forty-eight hours. 
Then five preparations were made from one of the two tubes. Two 
smears were made from the uppermost part of the sediment and two from 
the bottom. These were dried and fixed on a copper plate with moderate 
heat. They were laked in distilled water for from fifteen minutes to 
three hours, and then stained with carbol-fuchsin (for two minutes 
steaming or one or two hours cold). One of the specimens from the top 
and one from the bottom were decolorized for twenty minutes with 1 per 
cent. rosolic acid in absolute alcohol. The other two specimens were 
decolorized with either 30 per cent. nitric acid or 20 per cent. sulphuric 
acid, followed by 95 per cent. alcohol. Methylene blue was used as 
counterstain. 

The tube from which a small part of the sediment had been taken for 
smears was shaken and 5 c.c. of the mixture (almost 2.5 c.c. of blood) 
was added to 10 c.c. of distilled water in a centrifuge tube. Laking was 
complete. Centrifugalizing for thirty minutes brought down a small bit 
of tenacious reddish white sediment, which was teased out on a cover- 
slip, dried, and fixed over a copper-plate, stained with carbol-fuchsin, 
decolorized with rosolic acid solution, and counter-stained with methylene 
blue. Each of the five specimens was searched at least thirty minutes. 
When the remaining blood-mixture in the tube had again settled, the sedi- 
ment from both tubes was injected intraperitoneally into a guinea-pig, 
which was then placed alone in a cage. The amount of sediment received 
by the guinea-pig varied from 0.5 to 5.0 c.c. These animals had been 
previously used in standardizing diphtheria antitoxin. One of the guinea- 
pigs died a few hours after inoculation, but was replaced after a later 
bleeding of the animal which had furnished the fatal blood. The earliest 
of the examinations deviated from the method just described in unimpor- 
tant details. 

Each of the old cows in Group A was bled three times between March 
5, 1909, and July 1, 1909, and the blood studied. The blood-sediment 
of one bleeding from each animal was injected intraperitoneally into a 
guinea-pig, which, in the case of all but one of the cows, later received 
the sediment from another bleeding from the same animal. None of the 
blood-preparations revealed any acid-fast bacilli. Each of the nine 


} 


guinea-pigs was killed between ten and one-half and eleven and one-half 
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weeks after its first inoculation. The second inoculation received by 
eight of them had occurred between eight and one-half and ten and one- 
half weeks prior to autopsy. The animals were fat, and not one of them 
showed any macroscopic lesions suggesting tuberculosis. 

Each of the 12 young animals of Group B was bled once. The blood 
preparations were free from acid-fast bacilli. The blood sediment from 
each animal, except Steer 51, was inoculated intraperitoneally into a 
guinea-pig. ‘These 11 guinea-pigs remained in good health until they 
were killed, ten or eleven weeks after inoculation. No macroscopic tuber- 
culous lesions were found at autopsy. Positive results were scarcely to bi 
expected after the work of Schroeder and Cotton,’® who injected 88 
guinea-pigs with the blood of 42 tuberculous cattle without producing 
tuberculosis. 

From the material from 39 bleedings of the 21 cattle 167 prepara- 
tions were made and searched 110.9 hours; 133 of the slides, made from 
gravity sediments, were studied 88.9 hours. From the laked and cen- 
trifugalized blood 34 slides were prepared and searched for 22 hours 
These examinations failed to reveal any tubercle bacilli. 

In order to secure evidence as to whether the failure of guinea-pigs 
to contract tuberculosis, when inoculated with the blood of tuberculous 
cattle, was due to protection by the blood injected, the following experi- 
ment was performed: Each of three guinea-pigs of about equal weight 
was injected intraperitoneally with mixtures containing 0.2 c.c. of pus 
from an axillary abscess of Cow 3 of Group A. This pus contained so 
few tubercle bacilli that twenty to thirty minutes’ search was necessary to 
find any. One of the guinea-pigs (No. 23) received the pus thoroughly 
mixed with 5 c.c. of fresh blood-citrate mixture from Cow 3, the source 
of the pus. Another (No. 25) received the sediment (1.2 ¢.c.) from a 
similar mixture of pus and blood. The third (No. 24) received the pus 
in 5 c.c. of the citrate-chlorid solution. Ten weeks later guinea-pig No. 
23 died and the other two were killed. Autopsy showed all three to be 
emaciated and to be about equally and very generally tuberculous 
Apparently no appreciable effect on the presence or severity of infection 
had been exerted by the blood. 

In order to make a study of the methods of detecting tubercle bacilli 
in the blood, it was attempted to produce artificially the tuberculous bac- 
teriemia which we had failed to find. A cow suffering from advanced 
tuberculosis (No. 7 of Group A) and a plump 3-year-old steer (No. 18 
of the normal animals) were selected for experiment. The cow had a 
submaxillary abscess from which tuberculous pus and a calcareous gland 


had been taken. The steer had been twice inoculated when a calf with 
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attenuated cultures of tubercle bacilli. There was no reaction to the 
tuberculin test. The animals received in their jugular veins quantities 
proportional to their weights of a suspension of live bovine tubercle 
bacilli in normal salt solution. No. 7 received 200 c.c. and No. 18, 250 
e.c. The bacilli had been washed, dried, ground dry for ten minutes in 
a revolving Erlenmeyer flask containing glass balls, and had been rotated 
for several hours more after the addition of normal salt solution. About 
200 mg. of tubercle bacilli were contained in 250 ¢c.c. Smears of the sus- 
pension mixed with blood permitted the rough estimate to be made that 
there were many more free bacilli, and as many clumps, in the suspen- 
sion injected into No. 18 as there were white corpuscles in the entire 
circulating blood of the animal. Inasmuch as many corpuscles had been 
found in almost every field of most of the blood-preparations of this 
investigation, it was expected that many bacteria would be found in each 
field of the slides of the steer’s blood. No. 18 was bled from the jugular 
vein, which had not received the inoculation, thirty minutes, five hours, 
eleven hours, twenty-five hours, forty-six hours, and ten days after inocu- 
lation. The routine microscopic blood examination failed to reveal any 
tubercle bacilli. 

Part of a mixture of the blood sediments of the first five bleedings 
was inoculated intraperitoneally into a guinea-pig, which was allowed to 
live eleven weeks. Another guinea-pig received the sediment of the sixth 
and last bleeding and was killed at the end of ten weeks. At autopsy 
both animals appeared to be entirely normal. 

The steer’s temperature rose rapidly to 105.5 after inoculation, but 
fell to normal the next morning. After a few days the temperature began 
to rise again, and four weeks after inoculation the animal died. Autopsy 
performed twenty-four hours after death, showed the lungs to be crowded 
with miliary tubercles. The spleen contained on the average one miliary 
tubercle in each square centimeter of its surface. The kidneys contained 


les and the liver none. The mediastinal. inguinal, 


a few miliary tuber 
pelvic, and crural lymplh-nodes were enlarged and soft. In the heart were 
a clot and some red turbid serum. ‘The centrifugalized sediment of this 
serum showed many coarse bacilli and one group of three tubercle bacilli. 

Cow 7 was bled one hour, five hours, eleven hours, twenty-five hours, 
forty-six hours and fourteen days after inoculation, and the blood was 
examined. One short structure resembling a tubercle bacillus was found 
in a smear from the top layer of the sediment drawn eleven hours after 


inoculation. This slide had been decolorized by the rosolic acid solution. 


All the other slides were unquestionably negative. 








———————— 
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A guinea-pig which received part of a mixture of the sediment fron 


the first five of the six bleedings was killed eleven weeks after inoculation 
and found to be normal. 

The cow’s temperature rose immediately after inoculation to 107.5, 
and in a few hours fell almost to normal. Then the temperature rose 
gradually to 107.8 and subsided almost to normal. The curve of this 
last rise and fall suggested the course of a severe tuberculin reaction. No 
corresponding rise and fall had occurred in the temperature of Steer 18. 
The cow died nine weeks after inoculation. Autopsy showed extensive 
chronic lesions and no acute miliary tuberculosis. The right submaxil- 
lary, bronchial, anterior mediastinal, portal and mesenteric lymph-nodes 
were found calcified. The left mediastinal and parotid lymph-nodes were 
caseous. The left submaxillary lymph-nodes had broken down and had 
formed a large abscess. Both lungs were extensively involved with old 
lesions, some connecting with the bronchi. The spleen showed a calcified 
nodule 2 cm. in diameter. The liver and kidneys were normal. 

A third time we introduced tubercle bacilli into the circulation of the 
cattle and att mpted to recover them from their blood. Cow 3 of Group 
A had advanced tuberculosis. Tubercle bacilli had been found in the 
pus of a large axillary abscess. The animal was put deeply under the 
influence of chloral and its right carotid artery was exposed. Fifteen c.c. 
of suspension of 180 mg. of live bovine tubercle bacilli, which had been 
washed, dried and ground in a revolving flask for one hour before the 
addition of normal salt solution, was introduced through a needle into 
the artery. Blood was withdrawn from the jugular vein of the same side, 


but from a point distant from the operation wound, twenty-five minutes, 


one and one-half hours, two days, and six days after the inoculation. The 


f 


blood drawn twenty-five minutes after the introduction of the organisms 
showed tubercle bacilli as follows: 

A search of seventy minutes in the specimen from the centrifugalized 
and laked blood showed 5 clumps, one group of 4, one group of 2, and 
one single bacillus. 

A search of fifty-five minutes in the first preparation from the top 
layer (decolorized by rosolic solution) showed two clumps. 

A search of sixty minutes in the second preparation from the top 
layer (decolorized by nitric acid) showed one clump. 

Both smears from the bottom of the sediment (one decolorized by 
rosolic and one by nitric acid) showed no bacilli after sixty-six and 
seventy-two minutes’ search. 

No tubercle bacilli were found in specimens from the bleedings made 


from one and one-half hours to six days after inoculation. 
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Half of a mixture of the sediments drawn twenty-five minutes and 
an hour and a half after inoculation was inoculated intraperitoneally 
into a guinea-pig. ‘Ten and one-half weeks later the guinea-pig was 


killed. Three tubercles 2 mm. in diameter were found in the spleen. No 


other lesions were discovered. 

A guinea-pig was inoculated intraperitoneally with the combined sedi- 
ments of the blood specimens drawn two and six days after inoculation. 
The animal died six weeks after receiving the blood. Autopsy showed 
the presence of three full-term fetuses, but no lesions of tuberculosis. 
The results of the guinea-pig inoculation in this case confirmed the 
microscopic findings. The natural conclusion would be that the abundant 
tubercle bacilli had been rapidly filtered from the blood. 

The temperature of Cow 3 dropped for two hours after inoculation 
and then rose rapidly to 106. The temperature soon fell slightly and 
then slowly developed a marked daily variation. This animal had been 
running an irregular elevated temperature before the experiment. Death 
resulted five weeks after inoculation from hemorrhage from a ruptured 
aneurism at the point of inoculation in the carotid. Autopsy showed 
many hard tubercles averaging 0.5 em. in diameter scattered throughout 
both lungs. One small tubercle was seen in the right kidney and one in 
the tissues near the aneurism. The mediastinal lymph-nodes were cal- 
careous and the post-pharyngeal nodes were purulent. Most of the 
lesions appeared to have been of long duration, and autopsy gave no 
evidence of acute miliary tuberculosis. 

The experiments just described show that artificially introduced 
tubercle bacilli are rapidly removed from the circulation of healthy and 
of tuberculous cattle. That the capillaries of the lungs are more efficient 
as filters than the capillaries of the peripheral circulation is suggested 
by the almost complete, if not entire, absence of tubercle bacilli from 
blood which had necessarily passed through the pulmonary circulation, 
and by the presence of bac ili in blood which needed to go only from a 
peripheral artery to the corresponding peripheral vein. Possibly this 
quality of the lung capillaries may be one of the causes of the great fre- 
quency of pulmonary involvement when tubercle bacilli have entered the 
body at points distant from the lungs. 

It will be noticed that inoculation produced in a healthy young steer 
a rapid and fatal miliary tuberculosis, while in Cows 3 and 7 not more 
than an aggravation of the existing extensive chronic tuberculosis was 
brought about. It would appear that long-standing chronic tuberculosis 


produced a much higher power of resistance against newly introduced 


infection than did the intravenous injection of attenuated cultures. 
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For information regarding the relative value of the methods used in 


detecting tubercle bacilli each of two tubes of blood-mixture was inocu- 


lated with one drop of suspension of tubercle bacilli. The tubes wer 
thoroughly shaken and contents allowed to settle. Search of the usual 
number of preparations from each tube gave results consistent with thos 
obtained in the positive spe imen of blood which had been experimentally 
inoculated within the artery of Cow 3. In that blood the figures alread: 
given showed that the one preparation from the concentrated sediment of 
the laked and centrifugalized blood showed more bacilli than did al] four 
of the slides from the unlaked gravity sediment, and that the specimens 
from the top layers of the latter contained bacilli, while smears from the 
bottom contained none. Each of the specimens from the two inoculated 
tubes of blood was studied thirty minutes and the following results wer 
obtained : 

One preparation from each laked and centrifugalized sediment 
showed : 


First specimen: 21 masses of tubercle bacilli 


Second specimen: 21 large clumps, 3 small clumps, and a few scattering 


bacilli. 
Two preparations from the top of each of the unlaked gravity sedi- 
ments showed: 
First specimen: 1 large clump and 2 single bacilli in each of the prepara 


tions. 


Second specimen: no bacilli in either slide 


Two preparations from the bottom of each of the unlaked gravit 
sediments showed no bacilli in any of the four slides. 
In the examinations of the positive blood from the inoculated Cow 


and of the blood to which bacilli had been added, the method of searching 
the sediment after laking and centrifugalizing proved very much more 
effective than the study of unlaked gravity sediment. Apparently th 


1] , . 
result 


tubercle bacilli settled more slowly than blood corpuscles, with the 1 


that the few bacilli found in the gravity sediments were in the top layers 
A series of test-tubes of laked blood and another of unlaked blood-mixtur 
were inoculated. Spreads from their gravity sediments showed many 
more bacilli in the preparations from the laked specimens than in thos 
from the unlaked. It was also observed that many more scattered baci 

and small clumps were found in the top of the unlaked sediment than in 
the bottom. No such difference was noticed in the number of very large 
clumps in the top and bottom. When one considers that laking 


reduces the amount of sediment to a mere film, while the unlaked sed 
a } wd trate 


ment is usually over one-fifth of the total volume of the blood- 
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mixture after twenty-four hours of sedimentation, it is not surprising 
that laking greatly increases the chance of finding organisms. 

Dr. Haring and I are indebted to Miss Margaret Henderson, B.S., 
Instructor in Bacteriology in the University of California; to Walter FE. 
Bates, M.D., of Davis Cal.; to Archibald R. Ward, B.S.A., D.V.M. 
Assistant Professor of Bacteriology in the University of California; to 


David N Morgan, B.S.. and to Ned D. Baker, B.S.. for valuable advice 


and assistance. 


BRIEF NOTES ON THE TUBERCULOUS ANIMALS OF GROUP A 


Cow 1 fen years old. Poor condition. Discharging sinus in right temple. 
Tubercle bacilli not found in the discharge. Condemned after tuberculin test in 
1908 Alive Dee. 1, 1909 

Cow 2.—Nine years old. Emaciated. Condemned on account of tuberculosis 
in 1908. Slaughtered Oct. 23, 1909. Posterior mediastinal lymph-node caseous 
and caleareous. Lesion in lung 5 em. in diameter, caseous and calcareous. 

Cow 8 Fight years old. Poor condition Large tuberculous abscess in left 
axilla. Crepitation and lameness in left hip joint. This animal was used in the 
inoculation experiments. Died Aug. 24, 1909. Autopsy (already described) 
showed extensive chronic lesions of tuberculosis in the lungs and lymph-nodes. 

Cow 4 Seven years old Fair condition. Slaughtered Aug. 25, 1909. Old 
tuberculous lesions in apex of right lung 

Cow 5 \bout 7 years old. Fair condition. Occasional cough. Slaughtered 
Aug. 25, 1909. Seattered tubercles in both lungs. Caseous focus in left lung. 
Mediastinal lymph-nodes involved. One tubercle 2 em. in diameter in surface of 


liver. 

Cow 6—Six years old. Condemned on account of tuberculosis in 1908. 
Well nourished at time of blood examination. Coughed frequently. Rales in 
lungs Lost weight during October Slaughtered Oct. 28, 1909. Extensive 


tuberculous lesions of lungs and mediastinal lvmph-nodes. 

Cow 7 Six years old. Very poor condition. Large tuberculous submaxillary 
abscesses on both sides interfering with breathing. Frequent cough. This animal 
was used in the inoculation experiments. Died Sept. 15, 1909. The autopsy 
(already described) showed very extensive involvement of lymph-nodes and lungs. 

Cow 8 \bout 7 vears old. Fair condition. Slaughtered Aug. 25, 1909. Left 
bronchial lymph-node enlarged and caseous. One posterior mediastinal lymph- 
node enlarged with a tubercle in the center. Foul-smelling abscess of liver (prob- 


ably not tuberculous). Middle lobe of right lung solidified (also probably not 
tuberculous). Several pieces of wire found imbedded in stomach wall. 
Cow 9 Five years old. Good condition Slaughtered Aug. 25, 1909 Right 


and left posterior pharyngeal glands caseous 


POST-MORTEM EXAMINATION OF THE THREE-YEAR-OLD ANIMALS OF 
GROUP B 
Steer 12.—Slaughtered with the other animals of group B on Aug. 25, 1909. 
Right precrural lymph-node caseous. 


Steer 16.—Fair condition. No definite lesions of tuberculosis found in rapid 
search The animal had been tested with tuberculin a few days before being 
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6. Tubercle bacilli which have been experimentally thrown into the 
blood-stream are rapidly removed from the circulation. Experiment 
suggests that the capillaries of the lungs are more efficient in arresting 
bacilli than the peripheral capillaries. 

7. Chronic tuberculosis may produce a marked partial immur 
against fresh inoculation with tubercle bacilli. 


2434 Durant Avenue 


EDITOR’S NOTE 


In the paper by Drs. Marine and Lenhart on ft lation of Iodin 


to the Structure of Human Thyroids,” in THE vEs for November, 
1909, on page 487, lines 17-16 from the |} occur the words, in 
parenthesis, “2 to 5 grams daily.” This s! ead “2 to 5 grains three 


times daily.” 
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